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PARTI 


PILOT  TEST  WORK  PLAN  FOR 
FOUR  ADDITIONAL  BIOVENTING  SITES 
HILL  AFB,  UTAH 


1.0  INTRODUCTION 

This  work  plan  presents  the  scope  of  in  situ  bioventing  pilot  tests  for  treatment  of 
fuel-  and  solvent-contaminated  soils  at  four  sites  on  Hill  Air  Force  Base  (AFB),  Utah. 
The  subject  sites  include  sites  388,  510.8,  1705,  (Figure  1.1)  and  40002  (Figure  1.2). 
The  pilot  tests  have  three  primary  objectives:  1)  to  assess  the  potential  for  supplying 
oxygen  throughout  the  contaminated  soil  depth,  2)  to  determine  the  rate  at  which 
indigenous  microorganisms  will  degrade  fuel  when  stimulated  by  oxygen-rich  soil  gas, 
and  3)  to  evaluate  the  potential  for  sustaining  these  rates  of  biodegradation  until  fuel 
contamination  is  remediated  to  concentrations  below  regulatory  standards. 

These  pilot  tests  will  be  conducted  in  two  phases.  The  initial  phase  of  the  project 
will  consist  of  construction  of  vent  wells  (VWs)  and  vapor  monitoring  points  (MPs),  in 
situ  respiration  tests,  and  air  permeability  tests.  Construction  and  initial  testing  are 
expected  to  take  approximately  four  weeks.  This  duration  is  brief  due  to  some  site 
VWs  and  PMs  having  already  been  installed.  Also,  electricity  has  already  been 
installed  at  several  of  these  sites.  During  the  second  phase,  pilot-scale  bioventing 
systems  will  be  installed  at  each  site  and  monitored  over  a  1-year  period.  This  work 
will  be  completed  by  Engineering-Science,  Inc.  (ES)  personnel  from  both  our  Denver 
and  Salt  Lake  City  office. 

If  bio  venting  proves  to  be  an  effective  means  of  remediating  soils  at  these  sites,  pilot 
test  data  may  be  used  to  design  full-scale  remediation  systems  and  to  estimate  the  time 
required  for  site  cleanup.  An  added  benefit  of  the  pilot  testing  at  these  sites  is  that  a 
significant  amount  of  the  fuel  contamination  should  be  biodegraded  during  the  1-year 
pilot  tests,  as  the  testing  will  take  place  within  highly  contaminated  soils  at  these  sites. 

Additional  background  information  on  the  development  and  recent  success  of  the 
bioventing  technology  is  found  in  the  reference  document  entitled  Test  Plan  and 
Technical  Protocol  for  a  Field  Treatability  Test  for  Bioventing  (Hinchee  et  al.,  1992). 
This  protocol  document  will  also  serve  as  the  primary  reference  for  detailed  procedures 
that  will  be  used  during  the  pilot  test. 
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2.0  SITE  DESCRIPTIONS 

2.1  Site  388 

2.1.1  Site  Location  and  History 

The  location  of  Site  388  with  respect  to  the  base  is  shown  in  Figure  1.1.  Site  388  is 
located  north  of  Hangar  45  in  a  grassy  area  approximately  350  feet  west  of  taxiway  3 
and  south  of  Tank  Storage  Area  5053.  Figure  2. 1  shows  the  layout  of  Site  388. 

A  2,300-gallon  underground  concrete  vault,  formerly  containing  waste  JP-4  fuel, 
was  permanently  closed  on  December  10,  1987.  Hydrocarbon  contamination  was 
detected  in  soil  samples  collected  following  vault  removal.  A  total  of  six  soil  borings 
were  drilled  in  July  1992.  Three  of  the  soil  borings  were  converted  to  MPs,  one  was 
converted  to  a  VW,  and  two  were  abandoned.  The  locations  of  the  three  MPs,  the 
VW,  and  the  two  abandoned  soil  borings  are  shown  in  Figure  2.1.  (EA  Engineering, 
Science,  and  Technology,  1992a). 

2.1.2  Site  Geology  and  Extent  of  Contamination 

Because  the  bio  venting  technology  is  applied  to  unsaturated  soils,  this  section 
primarily  addresses  soils  above  the  groundwater  table.  At  Site  388,  groundwater 
occurs  at  a  depth  greater  than  150  feet,  and  flows  in  a  generally  westwardly  direction. 
It  is  not  believed  to  be  affected  by  contamination  from  the  former  UST  at  this  site  (EA 
Engineering,  Science,  and  Technology,  1992a). 

Soils  at  Site  388  consist  of  silty  sands  and  thin  layers  of  sandy  gravels.  Bio  venting 
is  easily  applied  to  these  coarse-grained  soils  because  there  is  more  available  pore  space 
for  soil  gas  flow.  Engineering-Science,  Inc.  (ES)  has  completed  successful  bioventing 
projects  in  similar  soils,  and  is  confident  that  oxygen  can  be  distributed  through  these 
soils.  The  soil  vapor  MPs  will  be  used  to  examine  the  subsurface  oxygen  pattern  in  the 
different  soil  depths  and  layers  during  the  pilot  test. 

The  primary  contaminants  at  this  site  are  JP-4  fuel  residuals  which  have  migrated  to 
a  depth  greater  than  100  feet,  and  laterally  at  least  130  feet  to  the  south-southwest. 
Soil  sample  analyses  yielded  total  petroleum  hydrocarbon  (TPH)  concentrations  ranging 
from  nondetected  [less  than  10  milligrams  per  kilogram  (mg/kg)]  to  16,800  mg/kg. 
Benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX)  and  naphthalene  were  also 
detected  at  Site  388  (EA  Engineering,  Science,  and  Technology,  1992a). 

2.2  Site  510.8 

2.2.1  Site  Location  and  History 

The  location  of  Site  510.8  with  respect  to  the  base  is  shown  in  Figure  1.1.  Site 
510.8  is  located  south  of  Building  510  near  the  southwest  comer  of  the  building. 
Figure  2.2  shows  the  location  of  Site  510.8  in  relation  to  Building  510. 

A  2,000-gallon  underground  storage  tank  (UST),  formerly  containing  Stoddard® 
solvent,  was  removed  in  1989.  Hydrocarbon  contamination  was  detected  in  soil 
samples  collected  following  UST  removal.  A  total  of  five  soil  borings  were  drilled  in 
January  1991  and  July  1992.  Two  of  the  soil  borings  were  completed  as  groundwater 
monitoring  wells.  One  of  the  monitoring  wells,  5105VE-1  will  be  used  as  the  VW  for 
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the  bioventing  pilot  testing  (Figure  2.2)  (EA  Engineering,  Science,  and  Technology, 
1992b). 

2.2.2  Site  Geology  and  Extent  of  Contamination 

Soils  at  Site  510.8  consist  of  sand  and  silty  sand  with  numerous  discrete  clay  layers 
in  the  sandy  portions  of  the  section  between  27  and  80  feet  below  ground  surface  (bgs). 
Groundwater  occurs  at  approximately  85  feet  bgs,  and  is  not  believed  to  be  affected  by 
contamination  from  the  former  UST  at  this  site  (EA  Engineering,  Science,  and 
Technology,  1991). 

The  primary  contaminants  at  this  site  are  Stoddard®  solvent  residuals  which  are 
present  to  a  depth  of  at  least  52  feet,  and  laterally  approximately  30  feet  to  the 
southwest  (Figure  2.2).  Soil  sampling  yielded  TPH  (as  Stoddard®  solvent) 
concentrations  ranging  from  nondetected  (less  than  10  mg/kg)  to  11,400  mg/kg  (EA 
Engineering,  Science,  and  Technology,  1992b). 

2.2.3  Initial  Soil  Gas  Characterization 

Initial  soil  gas  samples  from  Site  510.8  were  collected  and  analyzed  by  ES  on  March 
2,  1993.  Carbon  dioxide  was  present  at  an  elevated  concentration  (13.1%),  and 
oxygen  was  present  at  a  depleted  level  (0.8%),  indicating  the  presence  of  biological 
activity  in  the  soils  and  suggesting  that  bioventing  may  be  a  feasible  technology  for  site 
remediation. 

2.3  Site  1705 

2.3.1  Site  Location  and  History 

The  location  of  Site  1705  with  respect  to  the  base  is  shown  in  Figure  1.1.  Site  1705 
is  located  immediately  east  of  Building  1705  near  the  Tooele  Rail  Shop,  which  is  an 
industrial  area,  in  the  western  section  of  Hill  AFB  (Figure  2.3).  Figure  2.4  shows  the 
location  of  Site  1705  in  relation  to  Building  1705.  The  majority  of  the  site  is  covered 
with  buildings  and  asphalt  paving. 

Two  1,000-gallon  USTs,  designated  tanks  1705.1  and  1705.2,  were  removed  from 
Site  1705  on  March  11,  1992.  Tank  1705.1  formerly  contained  diesel  fuel,  and  tank 

1705.2  contained  leaded  gasoline.  A  total  of  four  borings  were  drilled  by  Radian 
Corporation  in  November  1992.  The  borings  were  completed  as  one  groundwater 
monitoring  well,  one  air  injection  VW,  and  two  soil  vapor  probe  installations  to  be 
utilized  by  ES  as  MPs  (Figure  2.4)(Radian  Corporation,  1993). 

2.3.2  Site  Geology  and  Extent  of  Contamination 

Soils  at  Site  1705  consist  of  moderately  to  well-sorted  sand  with  some  silt  and  silty 
sand.  Groundwater  is  encountered  at  approximately  25  feet  bgs.  Petroleum 
hydrocarbon  contamination  was  not  detected  in  a  groundwater  sample  collected  from 
MW-1  (Radian  Corporation,  1993). 

Contamination  at  Site  1705  is  believed  to  be  limited  to  the  southwestern  comer  of 
the  former  UST  excavation.  The  primary  contaminants  at  this  site  are  diesel  fuel 
residuals  which  have  migrated  to  a  depth  of  approximately  23  feet  bgs.  Soil  sampling 
yielded  a  TPH  concentration  of  13,200  mg/kg  at  10  feet  bgs  in  the  VW.  Benzene, 
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toluene,  ethylbenzene,  and  xylenes  (BTEX)  and  naphthalene  were  also  detected  in  the 
southwest  comer  of  the  former  UST  excavation  (Radian  Corporation,  1993). 

2.4  Site  40002 

2.4.1  Site  Location  and  History 

Site  40002,  is  located  at  the  Hill  AFB  Utah  Test  and  Training  (UTTR)  facility, 
Utah.  The  UTTR  is  an  off-base  facility  operated  by  Hill  AFB.  The  UTTR  is  located 
on  the  west  side  of  Great  Salt  Lake  in  Box  Elder  County.  The  military  town  of  Oasis, 
where  UST  Site  40002  is  located,  is  approximately  50  miles  west  of  Hill  AFB.  The 
site  is  approximately  20  miles  north  of  Interstate  80,  Exit  62.  Site  40002  is  located  on 
the  northeast  side  of  the  UTTR  complex,  as  shown  in  Figure  1.2.  The  Site  40002 
layout  is  shown  in  Figure  2.5. 

Three  USTs  were  removed  from  Site  40002.  Tank  40002.1  was  a  30,000-gallon 
steel  UST  containing  diesel  fuel.  Tank  40002.2  was  a  25,000-gallon  steel  UST 
containing  unleaded  mogas.  Tank  40002.3  was  a  12,000-gallon  fiberglass  reinforced 
plastic  (FRP)  UST  containing  unleaded  mogas.  The  three  tanks  were  last  used  in  May 
1992.  The  two  steel  tanks  were  used  exclusively  to  store  their  respective  products  and 
were  in  operation  for  approximately  12  years.  The  FRP  tank  was  a  replacement  tank 
for  a  steel  tank  that  had  manufacturing  defects.  UTTR  Civil  Engineering  staff 
indicated  the  steel  tank  that  had  been  replaced  did  not  leak  or  show  signs  of  leaking. 
The  FRP  tank  was  used  exclusively  for  unleaded  mogas  and  was  in  operation  for 
approximately  10  years.  Petroleum  products  from  the  past  operations  were  detected  in 
the  soils  when  the  USTs  and  associated  piping  were  removed  on  June  3,  1992 
(Engineering-Science,  Inc.  1993). 

2.4.2  Site  Geology  and  Extent  of  Contamination 

Soils  at  Site  40002  consist  of  primarily  sand  and  silt  with  some  clay.  A  number  of 
soil  borings  were  installed  at  this  site.  Soil  borehole  SB-6  contained  fill  material  to  a 
depth  of  approximately  14  feet  bgs,  underlain  by  a  layer  of  clay  and  interbedded  layers 
of  sand,  silt,  and  clay.  Soil  borings  6,  8,  and  9  were  completed  as  MPA,  VW,  and 
MPB  respectively  (Figure  2.5). 

The  primary  contaminants  at  this  site  are  fuel  residuals  which  have  migrated  to  a 
depth  of  at  least  47.5  feet  bgs.  Contamination  appears  to  localized,  extending  outward 
from  the  former  UST  locations  approximately  10  feet.  Soil  sampling  yielded  TPH 
concentrations  ranging  from  nondetected  (less  than  10  mg/kg)  to  60,600  mg/kg.  BTEX 
and  naphthalene  were  also  detected  at  Site  40002  (Engineering-Science,  Inc.,  1993). 

3.0  SITE-SPECIFIC  ACTIVITIES 

The  purpose  of  this  section  is  to  describe  the  work  that  will  be  performed  by  ES  at 
each  of  the  four  bioventing  sites  at  Hill  AFB.  VWs  and  vapor  MPs  have  already  been 
installed  at  three  of  the  sites  by  other  contractors.  Therefore,  drilling  will  be 
performed  only  at  Site  510.8.  Activities  that  will  be  performed  at  each  site  include  in 
situ  respiration  tests,  an  air  permeability  test,  and  the  installation  of  a  long-term 
bioventing  system. 
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3.1  Layout  of  Pilot  Test  Components 

3.1.1  Site  388 

Figure  2.1  indicates  the  locations  of  the  existing  VW  and  MPs  at  Site  388.  The  VW 
is  screened  from  25  to  75  feet  bgs.  MPA  is  screened  at  depth  intervals  of  50  feet,  75 
feet,  and  90  feet  bgs.  MPB  and  MPC  are  screened  at  a  depth  interval  of  94  feet  bgs. 
Soils  in  this  area  are  expected  to  be  oxygen  depleted  (<2%)  due  to  high  hydrocarbon 
levels,  and  increased  biological  activity  should  be  stimulated  by  oxygen-rich  soil  gas 
ventilation  during  pilot  test  operations. 

Due  to  the  coarse-grained  composition  of  the  sandy  soils  at  this  site  and  the 
experience  that  ES  has  had  with  similar  soil  types  at  Hill  AFB,  the  potential  radius  of 
influence  around  the  central  VW  is  expected  to  be  at  least  40  feet.  Vapor  MP,  MPA, 
is  within  40  feet.  Two  vapor  MPs  (MPB  and  MPC)  are  located  within  an  approximate 
160-foot  radius  of  the  VW  (Figure  2.1).  These  two  MPs  may  not  be  useful  for  the 
permeability  test,  however,  they  will  be  used  in  the  respiration  test. 

3.1.2  Site  510.8 

Figure  3.1  indicates  the  proposed  locations  of  the  VW  and  MPs  at  the  primary  pilot 
test  location  at  Site  510.8.  The  VW  is  already  installed  at  the  indicated  location.  The 
final  locations  of  the  MPs  may  vary  slightly  from  the  proposed  locations.  Soils  in  the 
vicinity  of  the  existing  VW  are  oxygen  depleted  (<2%)  due  to  high  hydrocarbon 
levels,  and  increased  biological  activity  should  be  stimulated  by  oxygen-rich  soil  gas 
ventilation  during  pilot  test  operations. 

Due  to  the  coarse-grained  composition  of  these  sandy  soils  at  this  site  and  the 
experience  that  ES  has  had  with  similar  soil  types  at  Hill  AFB,  the  potential  radius  of 
influence  around  the  central  VW  is  expected  to  be  approximately  35  to  40  feet.  Three 
vapor  MPs  (MPA,  MPB  and  MPC)  will  be  located  within  a  40-foot  radius  of  the  VW 
(Figure  3.1). 

3.1.3  Site  1705 

Figure  2.4  indicates  the  locations  of  the  existing  VW  and  MPs  at  Site  1705.  The 
VW  was  drilled  to  a  total  depth  of  23  feet  bgs,  2  feet  above  the  water  table.  MPA  is 
screened  at  a  depth  of  13  feet  bgs.  MPB  is  screened  at  a  depth  of  15.4  feet  bgs.  The 
MPs  are  located  within  approximately  20  feet  of  the  VW.  Soils  in  this  area  are 
expected  to  be  oxygen  depleted  (<2%)  due  to  high  hydrocarbon  levels,  and  increased 
biological  activity  should  be  stimulated  by  oxygen-rich  soil  gas  ventilation  during  pilot 
test  operations. 

Due  to  the  coarse-grained  composition  of  these  sandy  soils  at  this  site  and  the 
experience  that  ES  has  had  with  similar  soil  types  at  Hill  AFB,  the  potential  radius  of 
influence  around  the  central  VW  is  expected  to  be  greater  than  20  feet,  possibly  40 
feet,  however,  due  to  site  characterization  considerations,  vapor  MPs,  MPA  and  MPB, 
were  placed  only  within  an  approximate  20-foot  radius  of  the  VW  (Figure  2.4). 

3.1.4  Site  40002 

Figure  2.5  indicates  the  locations  of  the  existing  VW  and  MPs  at  Site  40002.  The 
VW  (SB-8)  is  screened  from  5  to  45  feet  bgs.  MPA  (SB6)  and  MPB  (SB9)  are  within 
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25  feet  of  the  VW  and  are  screened  at  depth  intervals  of  16.5  feet  to  17.5  feet  and  30 
to  32  feet  bgs.  Soils  in  this  area  are  expected  to  be  oxygen  depleted  (<2%)  due  to 
high  hydrocarbon  levels,  and  increased  biological  activity  should  be  stimulated  by 
oxygen-rich  soil  gas  ventilation  during  pilot  test  operations. 

Due  to  the  coarse-grained  composition  of  these  sandy  soils  at  this  site  and  the 
experience  that  ES  has  had  with  similar  soil  types  at  Hill  AFB,  the  potential  radius  of 
influence  around  the  central  VW  is  expected  to  be  greater  than  25  feet,  possibly  40 
feet,  however,  due  to  site  characterization  considerations,  vapor  MPs,  MPA  and  MPB, 
were  placed  only  within  an  approximate  25-foot  radius  of  the  VW  (Figure  2.5). 

3.2  Vent  Wells 

3.2.1  Site  388 

The  VW  at  Site  388  is  constructed  of  2-inch  inside-diameter  (ID)  schedule  80 
polyvinyl  chloride  (PVC)  casing,  with  a  50-foot  interval  of  0.02-inch  slotted  screen  set 
at  25  to  75  feet  bgs.  The  filter  pack  is  well-rounded  silica  sand  with  an  8  grain  size, 
and  was  placed  in  the  annular  space  of  the  screened  interval.  A  2-foot  layer  of 
bentonite  was  placed  directly  over  the  filter  pack.  The  remaining  annular  space  was 
then  filled  with  bentonite/cement  grout  to  the  ground  surface.  A  complete  seal  is 
critical  to  prevent  injected  air  from  short-circuiting  to  the  surface  during  the  bioventing 
test.  See  Appendix  A  for  the  VW  well  completion  form  (Well  388MW-1/SVE-1). 

3.2.2  Site  510.8 

The  VW  at  Site  510.8  is  constructed  of  2-inch  ID  schedule  40  PVC  casing,  with  a 
30-foot  interval  of  0.02-inch  slotted  screen  set  at  34  to  64  feet  bgs.  The  filter  pack  is 
well-rounded  silica  sand  with  an  8  grain  size,  and  was  placed  in  the  annular  space  of 
the  screened  interval.  A  2-foot  layer  of  bentonite  was  placed  directly  over  the  filter 
pack.  The  remaining  annular  space  was  then  filled  with  bentonite/cement  grout  to  the 
ground  surface.  See  Appendix  A  for  the  VW  well  completion  form  (Well  510SVE-1). 

3.2.3  Site  1705 

The  VW  at  Site  1705  is  constructed  of  4-inch  ID  schedule  40  PVC  casing,  with  a 
10-foot  interval  of  0.02-inch  slotted  screen  set  at  10.0  to  19.5  feet  bgs.  The  filter  pack 
is  well-rounded  silica  sand  with  a  10-20  grain  size,  and  was  placed  in  the  annular  space 
of  the  screened  interval.  A  1.5-foot  layer  of  bentonite  was  placed  directly  over  the 
filter  pack.  The  remaining  annular  space  was  then  filled  with  bentonite/cement  grout  to 
the  ground  surface.  See  Appendix  A  for  the  VW  well  completion  form  (Well 
T17051VW). 

3.2.4  Site  40002 

The  VW  at  Site  40002  is  constructed  of  4-inch  ID  schedule  40  PVC  casing,  with  a 
40-foot  interval  of  0.02-inch  slotted  screen  set  at  5  to  45  feet  bgs.  The  filter  pack  is 
well-rounded  number  8  quartz  sand,  and  was  placed  in  the  annular  space  of  the 
screened  interval.  The  remaining  annular  space  was  then  filled  with  bentonite/cement 
grout  to  the  ground  surface.  See  Appendix  A  for  the  VW  well  completion  form. 
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3.3  Vapor  Monitoring  Points 

3.3.1  Site  388 

At  Site  388,  388SB-2,  388SB-5,  and  388SB-6  will  be  used  as  multidepth  vapor  MPs 
(MPA,  MPB,  and  MPC).  Well  388SB-2  is  screened  at  depth  intervals  of  50,  75,  and 
90  feet  bgs.  Wells  388SB-5  and  388SB-6  are  screened  at  a  depth  of  94  feet  bgs.  The 
construction  details  are  illustrated  in  Appendix  A.  Soil  gas  oxygen  and  carbon  dioxide 
concentrations  will  be  monitored  with  the  vapor  probes  installed  at  the  indicated  depth 
intervals.  Multidepth  monitoring  will  confirm  that  the  entire  contaminated  soil  profile 
is  receiving  oxygen,  and  will  allow  measurement  of  fuel  biodegradation  rates  at  three 
depths. 

3.3.2  Site  510.8 

A  typical  vapor  MP  installation  for  Site  510.8  is  shown  in  Figure  3.2.  Three  MPs 
(MPA,  MPB,  and  MPC)  will  be  installed  at  Site  510.8  during  initial  pilot  test  field 
activities.  Soil  gas  oxygen  and  carbon  dioxide  concentrations  will  be  monitored  with 
vapor  probes  installed  at  depth  intervals  of  approximately  20,  35,  and  50  feet  bgs  at 
each  MP  location.  Soil  temperature  will  be  monitored  using  thermocouples  installed  at 
depths  of  20  feet  and  50  feet  bgs  at  MPA  only.  The  exact  depth  of  each  MP  will  be 
determined  based  on  the  interval  of  highest  contamination.  Vapor  probes  are 
constructed  of  6-inch-long  sections  of  1 -inch-diameter  PVC  well  screen  with  0.25-inch- 
diameter  schedule  80  PVC  riser  pipe.  Each  vapor  probe  will  be  placed  within  a  1-  to 
1.5-foot  layer  of  6-9  silica  sand. 

Multidepth  monitoring  will  confirm  that  the  entire  contaminated  soil  profile  is 
receiving  oxygen,  and  will  allow  measurement  of  fuel  biodegradation  rates  at  the  two 
depths.  The  annular  space  between  these  three  intervals  will  be  sealed  with  bentonite 
to  isolate  the  intervals.  The  bentonite  seals  will  consist  of  bentonite  pellets  or  granular 
bentonite  hydrated  in  place.  The  bentonite  within  2  feet  above  and  below  the  sand 
packs  will  be  placed  in  approximately  6-inch-thick  layers  to  assure  complete  saturation 
and  hydration  of  the  bentonite  before  placement  of  subsequent  layers.  Additional 
details  on  MP  construction  are  presented  in  Section  4  of  the  protocol  document 
(Hinchee  et  al.,  1992). 

3.3.3  Site  1705 

Two  existing  wells  (VW-2  and  VW-3)  will  be  used  as  MPs  at  Site  1705.  Well  VW- 
2  (MPA)  is  screened  using  1.5  inch  diameter  slotted  PVC  screen  in  10-20  grain  sand 
from  a  depth  of  11.5  to  13  feet  bgs.  Well  VW-3  (MPB)  is  screened  using  1.5  inch 
diameter  slotted  PVC  screen  in  10-20  grain  sand  from  a  depth  of  13.9  to  15.4  feet. 
See  Appendix  A  for  the  borehole  logs  and  MP  construction  details. 

3.3.4  Site  40002 

Again,  two  existing  wells  (SB-6,  and  SB-9)  will  be  used  as  MPs  at  Site  40002. 
Well  SB-9  (MPA)  and  SB-6  (MPB)  are  completed  as  vapor  MPs  with  screened 
intervals  from  16.5  to  17.5  feet  and  30  to  32  feet  bgs.  Intervals  are  1.5  inch  I.D.  PVC 
screen.  See  Appendix  A  for  the  MP  completion  forms. 
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3.4  Handling  of  Drill  Cuttings 

Drilling  will  be  required  only  for  installation  of  MPs  at  Site  510.8.  Cuttings  will  be 
collected  in  U.S.  Department  of  Transportation  (DOT)  approved  containers.  The 
containers  will  be  labeled  and  staged  on  pallets  at  the  site.  Drill  cuttings  will  become 
the  responsibility  of  Hill  AFB,  and  will  be  analyzed,  handled,  and  disposed  of  in 
accordance  with  the  current  procedures  for  ongoing  remedial  investigations.  This 
bioventing  pilot  test  project  is  expected  to  generate  approximately  fifteen  55-gallon 
drums  of  drill  cuttings. 

3.5  Soil  and  Soil  Gas  Sampling 

3.5.1  Soil  Samples 

Three  soil  samples  will  be  collected  from  Site  510.8  during  the  installation  of  the 
three  MPs.  Sampling  procedures  will  follow  those  outlined  in  the  protocol  document. 
One  sample  will  be  collected  from  the  most  contaminated  interval  of  each  of  the  MPs. 
Soil  samples  will  be  analyzed  for  total  recoverable  petroleum  hydrocarbons  (TRPH), 
BTEX,  soil  moisture,  pH,  particle  sizing,  alkalinity,  total  iron,  and  nutrients. 

Samples  for  TRPH  and  BTEX  analyses  will  be  collected  using  a  split-spoon  sampler 
containing  brass  tube  liners.  Soil  samples  collected  in  the  brass  tubes  will  be 
immediately  trimmed,  and  the  ends  of  the  tubes  will  be  sealed  with  aluminum  foil  or 
Teflon®  fabric  held  in  place  by  plastic  caps.  Soil  samples  collected  for  physical 
parameter  analyses  will  either  be  collected  and  handled  in  the  same  manner  as  TRPH 
and  BTEX  samples,  or  placed  into  glass  sample  jars.  Soil  samples  will  be  labelled 
following  the  nomenclature  specified  in  the  protocol  document  (Section  5),  wrapped  in 
plastic,  and  placed  in  a  cooler  for  shipment.  A  chain-of-custody  form  will  be  filled 
out,  and  the  cooler  will  be  shipped  to  the  Pace/ES  Laboratory  in  Berkeley,  California, 
for  analysis.  This  laboratory  has  been  audited  by  the  Air  Force  and  meets  all  quality 
assurance/quality  control  and  certification  requirements  for  the  State  of  California. 

3.5.2  Soil  Gas  Samples 

At  each  site,  initial  and  final  pilot  test  soil  gas  samples  will  be  collected  in 
SUMMA®  canisters  in  accordance  with  the  Field  Sampling  Plan  (Engineering-Science, 
Inc.,  1992)  from  the  VW  and  from  the  MPs  closest  to  and  furthest  from  the  VWs 
(MPA  and  MPB  or  C).  Additionally,  these  soil  gas  samples  will  be  used  to  determine 
the  reduction  in  BTEX  and  total  volatile  hydrocarbons  (TVH)  during  the  1-year  test, 
and  to  detect  migration  of  these  vapors  from  the  source  areas. 

Soil  gas  sample  canisters  will  be  placed  in  a  small  cooler  and  packed  with  foam 
pellets  to  prevent  excessive  movement  during  shipment.  Samples  will  not  be  sent  on 
ice  to  prevent  condensation  of  hydrocarbons.  A  chain-of-custody  form  will  be  filled 
out,  and  the  cooler  will  be  shipped  to  the  Air  Toxics,  Inc.  laboratory  in  Rancho 
Cordova,  California  for  analysis. 

3.6  Blower  Systems 

A  3-horsepower  regenerative  blower  capable  of  injecting  30  cubic  feet  per  minute 
(cfm)  at  12  pounds  per  square  inch  (psi)  will  be  used  to  conduct  the  initial  air 
permeability  tests  at  each  site.  Figure  3.3  is  a  schematic  of  a  typical  air  injection 
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system  used  for  pilot  testing.  The  maximum  power  requirement  anticipated  for  these 
pilot  tests  is  230-volt,  single-phase,  30-amp  service. 

At  Site  388,  the  base  is  requested  to  provide  a  breaker  box  with  (1)  110-volt/single- 
phase/50-amp  power,  and  two  1 10-volt  receptacles  (with  one  receptacle  supplying  20- 
amp  power),  or  preferably,  (2)  230-volt/single-phase/30-amp  power,  and  one  230-volt 
receptacle. 

At  Sites  510.8,  1705,  and  40002,  a  licensed  electrician  subcontracted  to  ES  will 
perform  necessary  powerline  trenching,  piping,  and  connections  to  existing  power 
sources.  This  electrician  will  assist  in  wiring  the  blower  to  line  power  in  each  of  the 
four  sites.  Additional  details  on  power  supply  requirements  are  described  in  Section 
5.0,  Base  Support  Requirements. 

3.7  In  Situ  Respiration  Test 

The  objective  of  the  in  situ  respiration  test  is  to  determine  the  rate  at  which  soil 
bacteria  degrade  petroleum  hydrocarbons.  Section  5.7  of  the  protocol  document 
describes  the  procedures  to  be  used  (Hinchee  et  al.,  1992).  At  each  site,  respiration 
tests  will  be  performed  at  the  VW  and  every  vapor  MP  where  bacterial  degradation  of 
hydrocarbons  is  indicated  by  low  initial  oxygen  levels  (<2%)  and  elevated  carbon 
dioxide  concentrations  in  the  soil  gas.  Air  will  be  injected  into  MPs  at  the  screened 
intervals  containing  low  levels  of  oxygen.  A  20-hour  period  of  air  injection  using  a  1- 
cfm  air  pump  will  be  used  to  oxygenate  local  contaminated  soils.  At  the  end  of  the  20- 
hour  air  injection  period,  the  air  supply  will  be  cut  off,  and  oxygen  and  carbon  dioxide 
levels  will  be  monitored  for  the  following  48  to  76  hours.  The  decline  in  oxygen  and 
increase  in  carbon  dioxide  concentrations  over  time  will  be  used  to  estimate  rates  of 
bacterial  degradation  of  fuel  residuals.  A  helium  tracer  will  also  be  injected  at  each 
MP  and  monitored  for  the  duration  of  the  respiration  test  to  insure  that  oxygen  loss  is 
not  the  result  of  leaking  MPs. 

3.8  Air  Permeability  Test 

The  objective  of  the  air  permeability  test  is  to  determine  the  extent  of  the  subsurface 
that  can  be  oxygenated  using  one  air  injection  VW.  At  each  site,  air  will  be  injected 
into  the  VW  using  the  10-30  scfm  test  blower  unit,  and  pressure  response  will  be 
measured  at  each  MP  with  differential  pressure  gages  to  determine  the  region 
influenced  by  the  unit.  Oxygen  will  also  be  monitored  in  the  MPs  to  ascertain  whether 
oxygen  levels  in  the  soil  increase  as  the  result  of  air  injection.  One  air  permeability 
test  lasting  4  to  8  hours  will  be  performed. 

3.9  Extended  Pilot  Test  Bioventing  Systems 

Long-term  bioventing  pilot  systems  will  also  be  installed  at  each  of  the  four  sites. 
The  blower  systems  will  be  chosen  based  upon  the  results  of  the  initial  respiration  and 
air  permeability  tests.  However,  it  is  anticipated  that  the  extended  test  blowers  will 
have  flow  rates  in  the  range  of  30  to  50  cfm  and  will  not  exceed  2.5  horsepower.  The 
blowers  will  be  housed  in  small,  prefabricated  sheds  to  provide  protection  from  the 
weather.  A  licensed  electrician  subcontracted  to  ES  will  perform  the  connections 
between  the  existing  breaker  box  and  the  blower  and  starter.  The  power  sources  will 
be  the  same  as  those  used  for  the  initial  pilot  tests. 
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The  systems  will  be  in  operation  for  1  year,  and  every  6  months  ES  personnel  will 
conduct  in  situ  respiration  tests  to  monitor  the  long-term  performance  of  these 
bioventing  systems.  Weekly  system  checks  will  be  performed  by  Hill  AFB  personnel. 
If  required,  major  maintenance  of  the  blower  units  will  be  performed  by  ES  personnel. 
Detailed  blower  system  information  and  maintenance  schedules  will  be  included  in  the 
operation  and  maintenance  (O&M)  manuals  provided  to  the  plant.  More  detailed 
information  regarding  the  test  procedures  can  be  found  in  the  protocol  document. 

4.0  EXCEPTIONS  TO  PROTOCOL  PROCEDURES 

The  procedures  that  will  be  used  to  construct  the  MPs  at  Site  510.8  and  measure  the 
air  permeability  of  the  soil  and  in  situ  respiration  rates  are  described  in  Sections  4  and  5 
of  the  protocol  document.  The  VWs  and  MPs  installed  by  Radian  Corporation  and 
EA,  Engineering,  Science,  and  Technology  generally  follow  the  ES  protocol 
procedures.  No  exceptions  to  the  protocol  procedures  are  anticipated  for  die  field 
activities. 

5.0  BASE  SUPPORT  REQUIREMENTS 

The  following  Hill  AFB  support  is  needed  prior  to  the  arrival  of  the  drilling 
subcontractor  and  the  ES  test  team: 

•  Assistance  in  obtaining  drilling  and  digging  permits  from  Hill  AFB.  This  will 
include  permits  for  resampling  soils  at  Sites  204.1,  214.1,  228,  and  924. 

•  Power  supply  with  a  breaker  box  at  Site  388. 

•  Provision  of  any  paperwork  required  to  obtain  gate  passes  and  security  badges 
for  approximately  two  ES  employees,  two  drillers,  and  an  electrician  (if  a  base 
electrician  is  not  available).  Vehicle  passes  will  be  needed  for  one  truck  and  a 
drill  rig! 

During  the  initial  testing,  the  following  base  support  is  needed: 

•  Twelve  square  feet  of  desk  space  and  a  telephone  in  a  building  located  as  close 
to  the  sites  as  practical. 

•  Parking  space  for  one  8x20-foot  field  trailer  located  as  close  to  the  pilot  test 
areas  as  practical. 

•  The  use  of  a  facsimile  machine  for  transmitting  up  to  50  pages  of  test  results. 

•  A  decontamination  pad  where  the  driller  can  clean  augers  between  borings. 

•  Acceptance  of  responsibility  by  the  base  for  drill  cuttings  from  the  MP  borings  at 
Sites  510.8,  204.1,  214.1,  228,  924,  including  any  drum  sampling  to  determine 
hazardous  waste  status. 

During  the  1-year  extended  pilot  tests,  base  personnel  will  be  required  to  perform  the 
following  activities: 

•  Check  the  blower  systems  once  per  week  to  ensure  that  they  are  operating  and  to 
record  the  operating  parameters  (pressure,  vacuum,  and  temperature).  ES  will 
provide  a  brief  training  session  on  this  procedure. 
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•  If  a  blower  stops  working,  notify  Mr.  John  Ratz,  Mr.  Doug  Downey,  or  Ms. 
Gail  Saxton,  ES-Denver  (303)  831-8100,  or  Mr.  Jim  Williams,  Air  Force  Center 
for  Environmental  Excellence  (AFCEE)  (800)  821-4528,  ext.  293. 

•  Arrange  site  access  for  an  ES  technician  to  conduct  in  situ  respiration  tests 
approximately  6  months  and  1  year  after  the  initial  pilot  test. 


6.0  PROJECT  SCHEDULE 

The  following  schedule  is  contingent  upon  timely  approval  of  this  pilot  test  work 
plan. 

Event  Date 

Draft  Test  Work  Plan  to  AFCEE/Hill  AFB  May  5,  1993 


Notice  to  Proceed 
Begin  Pilot  Test 
Complete  Initial  Pilot  Test 
Interim  Results  Report 
Respiration  Test 
Final  Respiration  Test 

7.0  POINTS  OF  CONTACT 


May  12,  1993 
July  21,  1993 
August  20,  1993 
October  1,  1993 
January  1994 
July  1994 


Mr.  Andrew  Gemperline 
OO-ALC/EMR 
7276  Wardleigh  Rd. 

Hill  AFB,  UT  84056-5127 
(801)  777-6919 


Major  Ross  Miller/Mr.  Jim  Williams 
AFCEE/EST 

Brooks  Air  Force  Base,  TX  78235-5328 
(210)  536-5246 

Mr.  Doug  Downey/Mr.  John  Ratz 
Engineering-Science,  Inc. 

1700  Broadway,  Suite  900 
Denver,  CO  80290 
(303)  831-8100 
Fax  (303)  831-8208 


8.0  REFERENCES 

EA  Engineering,  Science,  and  Technology,  1992a.  Subsurface  Investigation  Report 
Site  388,  Hill  Air  Force  Base,  Utah.  Lincoln,  Nebraska,  October. 

EA  Engineering,  Science,  and  Technology,  1992b.  Corrective  Action  Plan  Site  510.8 
(AFLB),  Hill  Air  Force  Base,  Utah.  Lincoln,  Nebraska.  November. 
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EA  Engineering,  Science,  and  Technology,  Inc.  1991.  Subsurface  Investigation 
Report,  Tank  510.8  (Site  AFLB).  Lafayette,  California. 

Engineering-Science,  Inc.,  1992.  Project  Management  Plan  AFCEE  Bioventing  Pilot 
Tests:  Appendix  D-Field  Sampling  Plan.  April.  Denver,  Colorado. 

Engineering-Science,  Inc.,  1993.  Subsurface  Investigation  Report,  Site  40002,  Hill  Air 
Force  Base,  Utah.  Salt  Lake  City,  Utah.  January. 

Hinchee,  R.E.,  S.K.  Ong,  R.N.  Miller,  D.C.  Downey,  and  R.  Frandt,  1992.  Test 
Plan  and  Technical  Protocol  for  a  Field  Treatability  Test  for  Bioventing. 
Columbus,  Ohio.  January. 

Radian  Corporation,  1993.  Underground  Storage  Tank  Site  1705,  Abatement  and 
Initial  Site  Characterization  Report,  Subsurface  Investigation,  Hill  Air  Force 
Base,  Utah.  Salt  Lake  City,  Utah.  January. 
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APPENDIX  A 


VENT  WELL  AND  MONITORING  POINT 
COMPLETION  DETAILS 


Dote  7-13-92 

Client  Hill  AFB,  UT 
Driller  PC  Exploration 

Drilling  Method  HSA _ 

Bore  hole  diameter 
8.25  OP 

Sealing  Material 
Cement/Bentonite  grout 


Proportions 

97%/3% 


Depth  from_90.  to _ 3 


SOIL  VAPOR  PROBE  INSTALLATION 

Geologist  Bruce  Holey  Job  Number  60187.05 


Vapor  Probes  1  in.  ID  PVC 
Slot  size  0.010 


Uc.  #. 

gr.  surface 


Well  Number  388  SB-2 


~  Protective  Cover  fyesj  or  no 
Type  Steel _ 

Length  of  well  stick  up  2.5  ft 

Tubing  d?ometer0,25  in _ 

2  ft  Bentonite  Seal 
Bentonite  from  48  to  46 

-  Filter  pack  from  52  to  48 


Bentonite  Seal 


Bentonite  from  73  to  52 
Filter  pock  from  77  to  73 


Bentonite  Seal 


Bentonite  from  88  to  77 
' —  Filter  pack  from  90  to  88 

Total  hole  depth  90  ft _ 


EA  ENGINEERING, 
SCIENCE,  AMO 

technology 


Figure  2-2 


SOIL  VAPOR  PROBE  CONSTRUCTION 


SOIL  VAPOR  EXTRACTION  WELL 


Dote  7-14-92 

Client  Hill  AF3,  EMR 

Driller  PC  Exploration 
David  Mott 

Drilling  Method  HSA 

CME  /5 

Bore  hole  diameter 
8.25  OD 
4.50  ID 

Sealing  Material  — - 

Cement/Be  nto  nit  e 

Type  Slurry 


Proportions 


Geologist  Bruce  Haley  Job  Number  SOI  87.02 


Lie.  # 


gr.  sufToce 


Well  Number  5 1 QSV£~ 1 


- Protective  Cover  fyesj  or  no 

Type  Steal 

^  Length  of  well  stick  uo  2.0  ft 

■"Riser  pipe  dicmetsr2"schedule  40 

Riser  pipe  length-  from  34  tQ  2.0 

above 

surfccs 


Depth  from  50  to  3 

Pure  Wyoming  Bentonite  501b  bag  . 
Gramusi:  Silica  Sand  Grade  8 

1  CGlb  beg 


Note: 

All  footaces  equal,  io  depth 
below  ground  surface 


“Bentonite  Pellets/Slurry 
from  52  to  30  . 

- Filter  pack  from  •  54  to  -32 

- Screen  diameter  ^schedule  40 

Slot  -size  0.020 _ _ 

Screen  set  from  54  to  54 


Total  hole  death  74  backfill 
to  64 


Bentonite  Backfill 


£A  ENGtNEE-^tNC. 
SCIENCE,  AND 
TiCHNOLOGY 


FTaure  4—3 


RADIAN 

CORPORATION 


Air  Injection  Wdl  T1 7QS1VW  ■ 

LOG  OF  DRILLING  OPERATIONS  P»s=_irf  i — 


PROJECT  _ _ UILLAfU.SrnUTflS - 

TOTAL  DETTH  OJM  START  DATE  - 31 

GEOLOGIST  331  Render  APPROVED  BY  _ 

DRILLING  COMPANY  t£  dnn - 

DRILLING  METHOD  HolIoaiSiaa  - 

DRILL  BIT  TYPE  AND  SIZE  _MTT.D.— ■  . - 

BORING  LOCATION  (ST.  ADDRESS  OK  DESCRIPTION) 


LOCATION 


DRILLER  _ 
EQUIPMENT 


finish  date 


i5  H 

rj  23  3~  s  • 


Lithologic 

Description 

CjJnv,  Town,  Moimw.  USCS  flia 

I  SAND  55  biwm  (10  YR3/3L  fine  p— n  I,  wed 
|  jotted,  nomodad,  damp,  (SW). 


F 

A 

▼ 

14 


~<ft  Cis-n  goAtfi 'amlwiO  gained, 

oautjsnuiT  turtad,  **lnvi*u«lod,  dAMty,  (3M>. 


gnmode  ux iL  4*mp.  (ML1 


i  <10  YR  S/ 6\  r  «■* 


sif  TV  KANn  nmw  <1°  Y*  V*). 

moocntctr  wrtcd,  wfirouuicA  ®o«,  (SMI. 


L:.I4 

I  •  •  lil 


R.G.# . 


Construction  Detmk 


CtucietB  to  currnce. 

‘V>opo(ouB*Bt/b*ntoMXA 

jro«.  I*  > 


4’PVCascr  > 


Top  of  bejwonufi  teal 
CxS  > 

Top  of  10-20  (Ut*r  yen 
SUO,  3*  > 


Too  at  4*  FVC  OJWT 
*iot  kxco.  10*  > 


30tTOm  Of  3CPCCL  IRS’  ^ 
Suiiua  of  cau  ptwfr 
3?  > 

3«ctfUied  borcbdc  wh 
;0-23Gitcr  tacit  aao. 


CORPORATION 
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Soil  Vapor  Prnho  #r  T17QS2VW, 

JC  PaS B  -luf  l - 


PROJECT  _ HILL  Afn  SITE  1705 - — 

TOTAL  DETTTI  25JM  START  DATE  _ II 

GEOLOGIST  Bill  Pender _ APPROVED  DY  _ 

DRILLING  COMPANY  t£  giri«r»u.». _ — 

DRILLING  METHOD  WnlWSmTit  Anger - 

DRILL  BIT  TYPE  AND  SIZE 
BORING  LOCATION  (ST.  ADDRESS  OR  DESCRIPTION) 


LOCATION _ 

12/92  _ FINISH  DATE 


\\  i|  u 


Lithukapc 

Description 


Coastructioa  Details 


r,s'  | 

S-|v*/Vk 

itr 

>/10/ 

JO- 

Jser 

i 

41S/19  1 

15-j 

* 

JU/17/ 

_13/2d 

jW/lfi/ 

.18/33 

414/15/1 


415/14/1 

4i*/M  j 


_ Coloc.  T*m tt*.  Mogtgt.  USCS  Gm» 

SILTY  SAND  brown  (75  YU  3/4).  veryfiiic  iruflcd. 
modenosiy  rowed.  rabojifulor,  dime,  (SM). 


[  "saniT bzawk  (10  YRaJH  fine  frwiod,  well 
|  «onod.  damp,  (SW\ 


|  SILTY  SAND  light  brown  ( 10  YR  .1  /3),  very  fine 
172  grimed,  modemebr  Hirted,  uitungiUr,  Jexae,  damp, 

V  . - . - 

SANDYSILT  light  brown  ( 10  YR  5/3),  vnrr  On# 

:  grimed,  compete.  damp.  (MLV 
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SAND  brown  <TQ  YR.  6/4).  vxrrfiia*  quince,  *eil 

tuiiol  tkuiy,  ($Wj). 


~  il  ty~ SANM  iTynt~n<own  <  10  YK  3/4},  *ety  iu« 

SnutaO.  ocuipitt  oaop.  (SM> 


Coaaett  to  ttffaee. 
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025*  LD.  tygoa  tubing 

Tnprrf  toftfOBlf*  MaL 

S’  > 

Ell 


1 1 10  YR  4/2X  ft** 


L"li 


Figure 


Too  a/  t0-*0  filter  9KS 
und,  10*  > 

Top  of  vapor  115*  > 
L3*  dolled  I'VC  probe. 

Dot  torn  a#  soil  vopot'proo*, 

ir  > 


UU*d  botndoU  wuk 
10  00  uk*r  pu«k  aud  > 
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ilWlWcVA’ 


RADIAN 
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PROJECT  _ HILL  AFB  SITE  V7M _ 

TOTAL  DEPTH  23.00  START  DATE  _ Uj 

GEOLOGIST  Bfll  Barter  APPROVED  BY  _ 

DRILLING  COMPANY  W  VTpl<iwmni» _ 

DRILLING  MKI'HUU  HnllnyMem  Anger _ 

DRILL  BIT  TYPE  AND  SIZE 

BORING  LOCATION  (ST.  ADDRESS  OR  DESCRIPTION) 


IOCATION 


DRILLER  _ 
EQUIPMENT 


FINISH  DATE 


R.G.* 


i 

11  n  ji! 

u  as  fi! 


m 

111 


Lithologic 

Drarripnnn 

Color,  Tnnrv,  MoUiuk,  USCS  Qaaj 


brow*  (ID  YR  2/1),  Oae  pnaed, 
modcmtelr  scrad,  dura,  (SM% 


"saAT  brewn  of  in  $c  flQ \R$j6\  fiac  grided;  wefl 
xoucU,  damp,  (T*0. 


:  SILTY  SAND  onwy  brown  ( IQ  YR  6/6V  fine  gnuoed, 
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;  gniaca,  damp.  (ML). 

I  SIl.TY  SAND  ligm  frTOwaflQ  YR  s7*jj  Site  gnuned^ 

modtnuir  toned.  subtonitded,  camp.  (SM). 


giincdl  wet  uML) 


i  brow*  (10  YR  4/3),  vet*  tine 


Ccmcnicttoa  Detail* 


Cooctet#  to  tttmc*. 

Top  of  ocao«ot/b«nro»ute 

arout  r  > 


iT2S*  1.0.  *y$nn  «*ni*£ 


Top  of  beaiotute  seat 
W  > 


Top  oc  10-20  filter  pact  ^ 

13?  >  t 

Sf 

Top  of  vapor  probe,  US'  > 
ij*  <ioo*d  rvc  piOo«  "  r>*^ 


Bottom  of  Jodvapceotobe, 
13.4*  > 


Beet  Oiled  bo*©oo*e  wha 
13-10  filler  oeckuad  > 


UTTR  Refueling  Station 

Soil  Vapor  Monitors 
Boring  SB06  and  SB09 


Note:  Not  to  scale 


1  Foot 


1  Foot 


Flush  mount 
protective  cap 

0  Feet 
Cement 


11  Feet 
Sand 


16  Feet  -  Sand 

17  Feet 

Cement 


Bentonite  Pellets 
27  Feet 


32  Feet 

Sand 


Bottom  of  Boring 
37  Feet 


UTTR  Refueling  Station 

Air  Injection  Well 
Boring  SB08 


Flush  mount 
protective  cap 


OFeet 

Cement  Bentonite 
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PART  II 


INTERIM  PILOT  TEST  RESULTS  REPORT 
FOR  SITES  388,  510.8, 1705,  AND  40002 
HILL  AFB,  UTAH 


Initial  bioventing  pilot  tests  were  completed  by  Engineering-Science,  Inc.  (ES)  at 
four  sites  at  Hill  Air  Force  Base  (AFB),  Utah  during  the  period  from  July  13  through 
August  16,  1993.  The  purpose  of  this  Part  II  report  is  to  describe  the  results  of  the 
initial  pilot  tests  at  Sites  388,  510.8,  1705,  and  40002,  and  to  make  specific 
recommendations  for  extended  testing  to  determine  the  long-term  impact  of  bioventing 
on  site  contaminants.  Descriptions  of  the  history,  geology,  and  contamination  at  each 
of  the  sites  are  provided  in  Part  I,  the  Bioventing  Pilot  Test  Work  Plan. 

1.0  SITE  388 

1.1  Pilot  Test  Design 

This  section  describes  the  final  design  and  installation  of  the  bioventing  system  at 
Site  388.  One  vent  well  (VW-1)  and  five  vapor  monitoring  points  (MPs)  were  installed 
at  Site  388  by  other  Air  Force  contractors  prior  to  ES  involvement.  In  addition,  a 
second  VW  (VW-2)  was  installed  by  Montgomery  Watson  in  coordination  with  ES 
after  the  completion  of  the  initial  bioventing  pilot  testing.  ES  installed  a  blower  unit 
and  manifolding  system  that  currently  injects  air  into  both  VWs.  Figure  1.1  depicts  the 
locations  of  the  VWs,  MPs,  manifolding,  and  blower  unit  installed  at  Site  388. 

1.1.1  Air  Injection  Vent  Wells 

Two  air  injection  VWs  were  installed  by  other  Air  Force  contractors  following 
procedures  described  in  the  Air  Force  Center  for  Environmental  Excellence  (AFCEE) 
bioventing  protocol  document  (Hinchee  et  al.,  1992).  The  locations  of  the  VWs  are 
illustrated  in  Figure  1.1,  and  construction  details  are  included  in  Appendix  A. 

VW-1  was  constructed  using  2-inch-diameter,  Schedule  80  polyvinyl  chloride  (PVC) 
casing,  with  50  feet  of  0.02-inch-slotted  PVC  screen  installed  from  25  to  75  feet  below 
ground  surface  (bgs).  The  annular  space  between  the  well  casing  and  borehole  was 
filled  with  number  8  silica  sand  from  22  to  77  feet  bgs.  Two  feet  of  bentonite  pellets, 
hydrated  in  place,  were  placed  above  the  sand,  and  cement/bentonite  slurry  then  was 
placed  in  the  annular  space  to  the  existing  ground  surface  (EA  Engineering,  Science, 
and  Technology  1992a).  VW-1  was  utilized  in  the  initial  bioventing  pilot  test,  and  is 
also  being  utilized  in  the  extended  pilot  test. 
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VW-2  was  constructed  using  4-inch-diameter,  Schedule  40  PVC  casing,  with  65  feet 
of  0.02-inch-slotted  PVC  screen  installed  from  55  to  120  feet  bgs.  The  annular  space 
between  the  well  casing  and  borehole  was  filled  with  number  8-12  silica  sand  from  50 
to  120  feet  bgs.  Five  feet  of  bentonite  pellets  were  placed  above  the  sand  and  hydrated 
in  place,  and  cement  grout  was  placed  in  the  remainder  of  the  annular  space 
(Montgomery  Watson,  1993).  VW-2  was  constructed  after  the  initial  pilot  test,  and  is 
currently  being  used  for  air  injection  during  the  extended  pilot  test. 

1.1.2  Monitoring  Points 

Five  MPs  were  installed  at  Site  388  at  locations  shown  in  Figure  1.1  by  other  Air 
Force  contractors  prior  to  ES  involvement.  MPA,  MPB,  and  MPC  were  installed  by 
EA  Engineering,  Science  and  Technology,  and  MPD  and  MPE  were  installed  by 
Montgomery  Watson.  Construction  details  for  the  MPs  are  included  in  Appendix  A. 
At  MPA,  the  6-inch-long  MP  screens  were  installed  at  50-,  75-,  and  90-foot  depths 
bgs.  MPB  and  MPC  are  screened  at  94  feet  bgs.  Due  to  faulty  MP  construction,  no 
soil  gas  samples  or  pressure  readings  could  be  collected  from  MPC  during  the  pilot 
test.  Screens  at  MPD  were  set  at  66  and  100  feet  bgs,  and  screens  at  MPE  were  set  at 
three  depth  intervals:  14,  29,  and  39  feet  bgs.  Each  MP  screen  was  constructed  using 
6-inch  sections  of  1-inch-diameter  PVC  well  screen  with  0.25-inch  plastic  tubing 
extending  to  the  ground  surface.  Each  screen  was  bedded  in  a  sand  pack,  and  bentonite 
or  cement  grout  seals  were  placed  in  the  annular  space  between  the  sand  packs  of  the 
screened  intervals  to  prevent  soil  gas  short  circuiting.  The  top  of  each  MP  was 
completed  with  a  3-foot  steel  stickup  well  protector  set  in  concrete. 

1.1.3  Blower  Unit 

A  1 -horsepower  (HP)  Gast®  regenerative  blower  unit  was  used  at  Site  388  for  the 
initial  pilot  test,  and  a  2.5-HP  Gast®  regenerative  blower  was  installed  at  the  site  for 
the  extended  pilot  test.  The  initial  pilot  test  blower  was  energized  by  110-volt,  single¬ 
phase,  30-amp  line  power  from  a  receptacle  installed  on  a  light  pole  at  the  site  (Figure 
1.1).  The  extended  pilot  test  blower  is  energized  by  240-volt,  single-phase,  30-amp 
line  power,  and  is  housed  in  a  weatherproof  enclosure.  The  2.5-HP  extended  pilot  test 
blower  is  currently  injecting  air  at  approximately  140  standard  cubic  feet  per  minute 
(scfm)  into  VW-1  and  VW-2.  The  configuration,  instrumentation,  and  specifications 
for  the  initial  pilot  test  and  extended  pilot  test  units  are  shown  on  Figure  3.3  of  the 
Work  Plan  (Part  I)  and  Figure  1.2,  respectively.  After  blower  installation  and  startup, 
ES  engineers  provided  an  operation  and  maintenance  (O&M)  manual  to  Hill  AFB 
personnel.  A  copy  of  the  manual  is  provided  in  Appendix  B. 

1.2  Soil  and  Soil  Gas  Sampling  Results 

Based  on  a  site  investigation  by  another  Air  Force  contractor,  hydrocarbon 

contamination  at  Site  388  appears  to  have  migrated  to  a  depth  greater  than  100  feet  bgs, 

and  laterally  at  least  130  feet  to  the  south-southwest  of  the  former  2,300-gallon 

underground  concrete  vault  (Figure  1.1).  Since  the  removal  of  the  vault  in  December 

1987,  a  number  of  boreholes  have  been  placed  in  the  vicinity  of  the  former  vault  to 
determine  the  extent  of  contamination  (EA  Engineering,  Science,  and  Technology, 
1992a).  The  full  areal  extent  of  contamination  has  not  yet  been  defined,  and  an 
ongoing  site  investigation  is  currently  being  conducted  by  Montgomery  Watson  at 
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Site  388.  The  soils  in  the  contaminated  interval  at  Site  388  are  predominantly  fine-  to 
medium-grained  sand  with  some  silty  sand  lenses.  Geologic  boring  logs  are  included  in 
Appendix  A.  Results  of  laboratory  analyses  of  soil  samples  collected  by  EA  are 
summarized  in  Table  1.1.  Total  recoverable  petroleum  hydrocarbon  (TRPH)  detections 
in  contaminated  soil  ranged  from  551  to  14,500  milligrams  per  kilogram  (mg/kg). 

Laboratory  soil  gas  samples  were  collected  by  ES  from  VW-1,  MPA-75,  and  MPB- 
94  prior  to  initiation  of  the  pilot  test.  Soil  gas  samples  were  collected  in  3-liter  Tedlar® 
bags  and  vacuum  chambers.  After  the  samples  were  collected  into  Tedlai®  bags,  they 
were  transferred  to  1-liter  SUMMA®  canisters  and  shipped  to  the  laboratory.  Soil  gas 
samples  were  shipped  via  Federal  Express®  to  Air  Toxics,  Inc.  in  Folsom,  California, 
for  total  volatile  hydrocarbon  (TVH)  and  benzene,  toluene,  ethylbenzene,  and  xylene 
(BTEX)  analysis  by  US  Environmental  Protection  Agency  (EPA)  Method  TO-3.  The 
TVH  analyses  were  referenced  to  JP-4  jet  fuel.  The  results  of  these  analyses  are 
provided  in  Table  1.1. 

1.3  Exceptions  To  Test  Protocol 

Procedures  described  in  the  protocol  document  (Hinchee  et  al.,  1992)  were  used  to 
complete  the  pilot  test  at  Site  388,  with  the  following  exceptions.  Initial  soil  sampling 
performed  by  other  Air  Force  contractors  deviated  from  the  protocol.  TRPH  samples 
were  analyzed  by  a  modified  EPA  Method  8015,  rather  than  by  Method  418.1,  which 
is  specified  in  the  protocol.  Soil  samples  collected  during  the  site  investigation  were 
not  analyzed  for  the  inorganic  parameters  specified  in  the  protocol.  These  analyses  will 
be  performed  during  the  12-month  sampling  event.  No  thermocouples  were  installed  at 
Site  388.  Also,  due  to  the  widespread  extent  of  contamination  at  the  site,  no 
background  points  were  installed  at  Site  388.  Background  conditions  at  Hill  AFB  have 
already  been  established  during  prior  research  efforts  (Hinchee  and  Miller,  1991).  The 
extended  pilot  testing  system  currently  injects  air  into  two  VWs,  whereas  one  VW 
normally  is  used  in  the  extended  pilot  tests. 

1.4  Test  Results 

1.4.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  air  injection,  all  MPs  and  VW-1  were  purged,  and  initial  oxygen, 
carbon  dioxide,  and  TVH  concentrations  were  determined  using  portable  gas  analyzers, 
as  described  in  the  technical  protocol  document  (Hinchee  et  al.,  1992).  Table  1.2 
summarizes  the  initial  soil  gas  chemistry  at  Site  388.  The  results  strongly  indicate  that 
biological  fuel  degradation  has  depleted  the  oxygen  supply  in  the  vadose  zone  soils. 
VW-1  and  each  MP  screen  were  under  anaerobic  conditions.  Carbon  dioxide  was 
present  at  elevated  concentrations,  ranging  from  9.6  to  12.5  percent,  in  all  initial  soil 
gas  samples  collected  at  Site  388.  Although  no  background  point  has  been  installed  at 
Site  388,  uncontaminated  soils  typically  contain  oxygen  at  concentrations  ranging  from 
15  to  20  percent,  and  carbon  dioxide  levels  ranging  from  0.1  to  3  percent. 

1.4.2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  at  Site  388  according  to  protocol 
procedures.  Air  was  injected  into  VW-1  at  a  rate  of  approximately  73  scfm  and  an 
average  pressure  of  approximately  7  inches  of  water.  The  pressure  response  at  each 
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TABLE  1.1 
SITE  388 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 
HILL  AFB,  UTAH 


Analyte  (Units)37 

Sample  Location-Depth 
(feet  below  ground  surface) 

Soil  Hvdrocarbonsb/ 

VW-1-65 

MPA-59 

MPB-104 

TRPH  (mg/kg) 

14,500 

551 

7,330 

Benzene  (mg/kg) 

5.19 

ND  (0.25)  c/ 

ND  (0.5) 

Toluene  (mg/kg) 

111 

2.5 

15.3 

Ethylbenzene  (mg/kg) 

55.3 

3.34 

15.4 

Xylenes  (mg/kg) 

559 

39.28 

153.8 

Soil  Gas  Hydrocarbons 

VW-1-25-75  MPA-75 

MPB-94 

TVH  (ppmv)  d/ 

27,000 

19,000 

33,000 

Benzene  (ppmv) 

210 

15 

300 

Toluene  (ppmv) 

270 

12 

250 

Ethylbenzene  (ppmv) 

15 

3.3 

8.5 

Xylenes  (ppmv) 

160 

15 

66 

Soil  Physical  Parametersb/ 

VW-1-94 

MPA-59 

Moisture  (%  wt.) 

4.3  e/ 

25.3 

Gravel  (%) 

0 

NSf/ 

Sand  (%) 

68 

NS 

Silt  and  Clay  (%) 

32 

NS 

a/ 

b/ 

c  / 
d/ 
e/ 
f/ 


TRPH=total  recoverable  petroleum  hydrocarbons;  mg/kg = milligrams  per  kilogram;  TVH=total  volatile 
hydrocarbons;  ppmv=parts  per  million,  volume  per  volume. 

EA  Engineering,  Science,  and  Technology,  1992a. 

ND=not  detected  at  method  detection  limit  (in  parentheses). 

TVH  referenced  to  jet  fuel  (molecular  weight= 156). 

Moisture  data  from  65  feet  bgs. 

NS=not  sampled. 
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TABLE  1.2 
SITE  388 

INITIAL  SOIL  GAS  CHEMISTRY 
HILL  AFB,  UTAH 


MP 

Depth 
(feet  bgs) 

o2  (%) 

C02  (%) 

Field 

TVH 

(ppmv) 

Lab 

TVHa/ 

(ppmv) 

VW-1 

25-75 

0.0 

10.3 

13,200 

27,000 

A 

50 

0.0 

10.8 

330 

NS  b/ 

A 

75 

0.0 

12.2 

9,600 

19,000 

A 

90 

0.0 

11.9 

4,000 

NS 

B 

94 

0.0 

10.6 

16,000 

33,000 

D 

66 

0.0 

9.6 

4,400 

NS 

D 

100 

0.0 

10.3 

8,000 

NS 

E 

14 

0.0 

12.5 

5,600 

NS 

E 

29 

0.0 

11.3 

4,300 

NS 

E 

39 

0.0 

11.7 

6,600 

NS 

a/  Lab  TVH  referenced  to  jet  fuel  (molecular  weight=  156). 
b/  NS  =  not  sampled. 
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MP  is  recorded  in  Table  1.3.  Due  to  the  slow  pressure  response  and  relatively  long 
time  to  achieve  steady-state  pressures,  the  Hyperventilate®  model  was  used  to  calculate 
air  permeabilities  (Hinchee  et  al.,  1992).  Calculated  air  permeability  values  ranged 
from  52  to  287  darcys,  indicating  that  soil  in  fuel-contaminated  zones  at  Site  388  is 
highly  permeable  to  air  flow  and  should  be  easily  oxygenated.  A  radius  of  pressure 
influence  of  85  feet  was  achieved  in  deeper  soils,  as  demonstrated  by  the  pressure 
response  observed  at  MPB.  Results  at  MPD  demonstrated  that  a  radius  of  pressure 
influence  of  at  least  63  feet  could  be  achieved  at  all  monitored  depths. 

1.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  influence  in  the  subsurface  resulting  from  air 
injection  into  the  central  VW  during  pilot  testing  is  the  primary  design  parameter  for 
full-scale  bioventing  systems.  Optimization  of  full-scale  and  multiple  VW  systems 
requires  pilot  testing  to  determine  the  volume  of  soil  that  can  be  oxygenated  at  a  given 
flow  rate  and  VW  screen  configuration. 

Table  1.4  describes  the  changes  in  soil  gas  oxygen  levels  that  occurred  during  the 
19-hour  soil  gas  permeability  test,  during  which  air  was  injected  into  VW-1  only. 
Changes  in  oxygen  levels  that  occurred  after  48.5  hours  of  air  injection  into  both  VW-1 
and  VW-2  with  the  extended  pilot  testing  system  also  are  included  in  Table  1.4.  Using 
the  extended  pilot  testing  system,  significant  increases  in  the  oxygen  concentration  were 
measured  at  each  MP  interval  with  the  exception  of  MPA-75.  It  is  possible  that  MPA- 
75  has  been  set  in  a  layer  of  soil  with  lower  permeability  relative  to  the  zones  of  soil 
above  and  beneath  it,  causing  injected  oxygen-rich  air  to  bypass  the  layer.  Because 
pressure  influence  was  observed  at  MPA-75  during  the  air  permeability  test,  it  is 
expected  that  this  sampling  point  will  be  oxygenated  during  the  extended  pilot  test. 
The  observed  radius  of  oxygen  influence  during  the  operation  of  the  extended  pilot 
testing  system  was  36.2  feet,  the  distance  between  VW-2  and  MPD  (Figure  1.1).  It 
appears  that  the  radius  of  oxygen  influence  for  the  long-term  bioventing  system  on  this 
site  will  exceed  65  feet  at  all  depths,  based  on  observed  pressure  influence.  It  is  not 
yet  known  if  the  entire  contaminated  region  is  being  oxygenated  by  the  extended  pilot 
testing  system.  Future  monitoring  at  this  site  will  better  define  the  treatment  radius. 

1.4.4  In  Situ  Respiration  Rates 

In  situ  respiration  testing  was  performed  at  Site  388  according  to  protocol  document 
procedures.  Air  admixed  with  approximately  4-percent  helium,  an  inert  tracer  gas,  was 
injected  into  VW-1  and  MP  screened  intervals  MPA-75,  MPD-100,  and  MPE-39  for  a 
22-hour  period  at  a  rate  of  approximately  1  scfm  per  screened  interval  to  deliver 
oxygen  to  fuel-contaminated  soils.  At  the  end  of  the  22-hour  period,  air  injection 
ceased  and  changes  in  soil  gas  composition  were  monitored  over  time.  Oxygen,  TVH, 
carbon  dioxide,  and  helium  were  measured  over  a  period  of  97  hours  following  the  air 
injection  period.  The  observed  rates  of  oxygen  utilization  were  then  used  to  estimate 
the  aerobic  fuel  biodegradation  rates  at  Site  388.  The  results  of  in  situ  respiration 
testing  are  presented  in  Figures  1.3  through  1.6.  Table  1.5  provides  a  summary  of  the 
observed  oxygen  utilization  rates. 

Because  helium  is  a  conservative,  inert  gas,  the  change  in  helium  concentrations 
over  time  can  be  useful  in  determining  if  oxygen  diffusion  is  responsible  for  a  portion 
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-  denotes  no  reading  taken  at  this  time. 


TABLE  1.4 
SITE  388 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 
HILL  AFB,  UTAH 


MP 

Distance 
From  VW-1  (ft) 

• 

Depth 
(feet  bgs) 

Initial  O2W 

Final  O2W 

Permeability  Long-Term 

Tesr  Systemb/ 

A 

30.75 

50 

0.0 

0.0 

17.7 

A 

30.75 

75 

0.0 

0.0 

0.0 

A 

30.75 

90 

0.0 

13.9 

19.7 

B 

84.75 

94 

0.0 

0.0 

13.2 

D 

62.6 

66 

0.0 

0.0 

19.7 

D 

62.6 

100 

0.0 

0.0 

11.2 

E 

27.4 

14 

0.0 

14.6 

17.8 

E 

27.4 

29 

0.0 

11.7 

17.7 

E 

27.4 

39 

0.0 

18.3 

18.7 

Readings  taken  at  end  of  19-hour  permeability  test.  Air  was  injected  into  VW-1  only. 

Readings  taken  after  approximately  48.5  hours  of  air  injection  using  the  extended  pilot  test  system.  Air  was  injected  into 
both  VW-1  and  VW-2, 
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Figure  1.3 
Respiration  Test 

Oxygen  and  Helium  Concentrations 
Site  388,  VW-1 
Hill  AFB,  Utah 
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Figure  1.6 
Respiration  Test 

Oxygen  and  Helium  Concentrations 
Site  388,  MPE-39 
Hill  AFB,  Utah 
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TABLE  1.5 
SITE  388 

OXYGEN  UTILIZATION  RATES 
HILL  AFB,  UTAH 


MP 

Oi  Loss3'' 

<*) 

Testb/ 

Duration 

(min) 

O2  Utilizationc/ 

Rate 

(%/min) 

VW-1 

5.5 

5800 

0.0009 

MPA-75 

20.0 

2040 

0.0214 

MPD-100 

15.7 

5790 

0.003 

MPE-39 

18.2 

5810 

0.003 

a /  Actual  measured  oxygen  loss. 

b/  Elasped  time  from  beginning  of  test  to  time  when  minimum 
oxygen  concentration  was  measured, 
c/  Values  based  on  linear  regression  (Figures  1.3  through  1.6). 
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of  the  oxygen  lost  from  each  MP,  or  if  leakage  is  occurring  due  to  improper  MP 
construction.  Figures  1.3  through  1.6  compare  oxygen  utilization  and  helium 
retention.  Helium  was  lost  at  rapid  rates  over  the  first  1,000  minutes  of  the  in  situ 
respiration  test.  However,  the  rate  of  helium  loss  was  lower  than  the  rate  of  oxygen 
loss  for  the  remainder  of  the  test  at  all  points  except  the  VW,  where  the  rates  of  helium 
and  oxygen  loss  were  approximately  equal.  Because  the  rate  of  helium  loss  was 
significantly  less  than  the  rate  of  oxygen  loss  at  three  out  of  the  four  testing  points,  and 
because  helium  will  diffuse  approximately  three  times  faster  than  oxygen,  the  measured 
oxygen  loss  can  be  primarily  attributed  to  bacterial  respiration  rather  than  diffusion. 

At  Site  388,  an  estimated  2,500  mg  of  fuel  per  kg  of  soil  can  be  degraded  each  year. 
This  value  is  the  average  of  the  fuel  consumption  rates  calculated  for  every  point  at 
which  a  respiration  test  was  conducted.  The  MP-specific  fuel  consumption  rates  were 
calculated  using  observed  oxygen  utilization  rates,  estimated  air-filled  soil  porosities, 
and  a  conservative  ratio  of  3.5  mg  of  oxygen  consumed  for  every  1  mg  of  fuel 
biodegraded.  Oxygen  loss  was  linear  and  occurred  at  rates  that  ranged  from  0.0009  to 
0.0214  percent  per  minute.  The  air-filled  soil  porosities  calculated  for  each  sampling 
point  ranged  from  0. 1 17  to  0. 194  liter  of  air  per  kg  of  soil. 

1.5  Recommendations 

Initial  bioventing  tests  at  Site  388  indicate  that  oxygen  has  been  depleted  in  fuel- 
contaminated  soils,  and  that  air  injection  is  an  effective  method  of  stimulating  aerobic 
fuel  biodegradation.  AFCEE  has  recommended  that  air  injection  continue  on  this  site 
to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of  time,  available 
nutrients,  and  changing  temperatures  on  fuel  biodegradation  rates. 

A  2.5-HP  regenerative  blower  has  been  installed  at  the  site  (Figure  1.1)  for 
continuous  air  injection  into  VW-1  and  VW-2.  In  March  1994,  ES  will  return  to  the 
site  to  sample  and  analyze  the  soil  gas  and  conduct  a  repeat  respiration  test.  In  August 
1994,  a  final  respiration  test  will  be  conducted,  and  soil  and  soil  gas  samples  will  be 
collected  from  the  site  to  determine  the  degree  of  remediation  achieved  during  the  first 
year  of  in  situ  treatment. 

Based  on  the  results  of  the  first  year  of  pilot-scale  bioventing,  AFCEE  will 
recommend  one  of  three  options: 

1.  Upgrade  and  continue  operation  of  the  bioventing  system  for  full-scale 
remediation  of  the  site. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  cleanup  criteria 
have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  during  bioventing  at  this 
site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and  proper 
abandonment  of  the  VWs  and  MPs. 


022/722408/3. DOC 


n-16 


2.0  SITE  510.8 

2.1  Pilot  Test  Design 

This  section  describes  the  final  design  and  installation  of  the  bioventing  system  at 
Site  510.8.  One  VW  and  one  groundwater  monitoring  well  were  installed  at  the  site  by 
another  Air  Force  contractor  in  July  1992,  prior  to  ES  involvement.  In  addition,  three 
MPs  and  a  blower  unit  were  installed  by  ES  in  August  1993,  during  initial  bioventing 
pilot  testing.  Figure  2.1  depicts  the  locations  of  the  VW,  MPs,  groundwater 
monitoring  well,  and  blower  unit  installed  at  Site  510.8.  Figure  2.2  is  a  geologic 
cross-section  that  illustrates  the  geology  and  extent  of  contamination  at  the  site. 

2.1.1  Air  Injection  Vent  WeU 

The  air  injection  VW  was  installed  by  another  Air  Force  contractor  following 
procedures  described  in  the  AFCEE  bioventing  protocol  document  (Hinchee  et  al., 
1992).  The  location  of  the  VW  is  illustrated  in  Figure  2.1,  and  construction  details  are 
included  in  Appendix  A.  The  VW  was  constructed  using  2-inch-diameter,  Schedule  40 
PVC  casing,  with  30  feet  of  0.020-inch-slotted  PVC  screen  installed  from  34  to  64  feet 
bgs.  The  annular  space  between  the  well  casing  and  borehole  was  filled  with  number  8 
silica  sand  from  32  to  64  feet  bgs.  Two  feet  of  bentonite  pellets  (hydrated  in  place) 
were  placed  above  the  sand  and  overlaid  with  30  feet  of  cement/bentonite  grout  to  the 
existing  ground  surface.  The  top  of  the  well  was  then  completed  using  a  2-foot  steel 
stickup  well  protector  (EA  Engineering,  Science  and  Technology,  1992b). 

2.1.2  Monitoring  Points 

Installation  of  the  three  MPs  at  Site  510.8  began  on  August  3,  1993,  and  was 
completed  on  August  9,  1993.  Drilling  services  were  provided  by  PC  Exploration  of 
Centerville,  Utah.  MP  installation  was  directed  by  Mr.  John  Ratz,  the  ES  site 
manager.  Construction  details  for  MPB  are  illustrated  in  Figure  2.3.  MP  screens  at 
MPB  were  installed  at  20-,  35-  and  50-foot  depths  bgs.  The  construction  details  for 
MPA  and  MPC  are  similar  to  those  of  MPB,  with  the  depth  of  the  middle  screen  being 
the  only  notable  difference.  MP  screens  at  MPA  and  MPC  were  installed  at  20-,  40-, 
and  50-foot  depths  bgs.  Each  MP  monitoring  interval  was  constructed  using  a  6-inch 
section  of  1 -inch-diameter  Schedule  80  PVC  well  screen  and  0.25-inch  Schedule  80 
PVC  riser  pipe  extending  to  the  ground  surface.  At  the  top  of  each  riser,  a  ball  valve 
and  a  3/ 16-inch  hosebarb  were  installed.  The  top  of  each  MP  was  completed  with  a 
flush-mounted  metal  well  protector  set  in  concrete.  Thermocouples  were  installed  at 
the  20-  and  50-foot  depths  at  MPA  to  measure  soil  temperature  variations.  The 
existing  groundwater  monitoring  well  MW-1  was  also  used  as  a  vapor  MP  during  the 
initial  pilot  testing. 

2.1.3  Blower  Unit 

A  1-HP  Gast®  regenerative  blower  unit  was  installed  at  Site  510.8  to  inject  air  into 
the  VW  for  both  the  initial  and  extended  pilot  tests.  The  extended  pilot  test  blower  is 
energized  by  240-volt,  single-phase,  20-amp  line  power  from  a  breaker  box  inside 
Building  510,  and  is  housed  in  a  weatherproof  enclosure.  The  blower  system  is 
currently  injecting  air  at  a  flow  rate  of  approximately  30  scfm  for  the  extended  pilot 
test.  The  configuration,  instrumentation,  and  specifications  for  the  extended  pilot  test 


022/722408/3. DOC 


n-17 


RAMP 


BUILDING 

510 


-GRAVEL- 


C ASPHALT 
PAVEMENT 


MPCA. 

(NAJt\ 

9.4’ 

BREAKER-^ 

SWITCH 

VW 

(510SVE-1) 


12 


CONCRETE 

BOX 


MW— 1 

(EA-MW1)  j 

25.0’  — L®_ 1 


■BLOWER  SHED 
AND  BLOWER 


MPA'  NA 
(NA)  (510SB-3) 

o 


3LOWER 

FORMER  UsA 
LOCATION 


NA 

(EA-SB1) 

O 


NA 

(510SB-2) 

O 


-APPROXIMATE 
LOCATION  OF 
BURIED  ELECTRICAL 
CONDUIT 


£  ASPHALT 
PAVEMENT]) 


LE.GE.NQ 

VW  _  ES  NOMENCLATURE 
(510SVE— 1)  (EA  NOMENCLATURE) 

- VAPOR  MONITORING  WELL 

▲  —  AIR  INJECTION  VENT  WELL 

O  -  PREVIOUS  SOIL  BORING 

©  —  GROUNDWATER  MONITORING  WELL 


NA  —  NOT  APPLICABLE 


FIGURE  2.1 
SITE  510.8 
AS-BUILT  SITE  PLAN 


HILL  AFB,  UTAH 

EWBIWEEBINB»5CIEPiCE,  INci 

Denver,  Colorado 


93DN1126.  03/08/94  at  09:45 


n-18 


NORTH  SOUTH 


CM 

oi 

LU 

CC 

z> 

g 

u. 


z 

o 

oo  O  P 

in  g  a, 

Bom 
£  w  oo 
w  (30 

CC 

o 


-03-  rrm 


4-  ◄ 


11-19 


WATER  TIGHT  WELL  BOX 


BALL  VALVES  WITH 
3/16"  HOSE  BARBS 


METAL  TAGS 


AS-BUILT  MONITORING  POINT 
MPB  CONSTRUCTION  DETAIL 

HILL  AFB,  UTAH 


ENGINEERING-SCIENCE,  INC. 


93DN1120,  02/18/94  at  14:10 


n-20 


unit  are  shown  in  Figure  2.4.  After  blower  installation  and  startup,  ES  engineers 
provided  an  O&M  manual  to  base  personnel.  A  copy  of  the  O&M  manual  is  provided 
in  Appendix  B. 

2.2  Soil  and  Soil  Gas  Sampling  Results 

Soils  at  this  site  primarily  consist  of  well-graded  sand  with  occasional  clayey  sand 
lenses.  Groundwater  was  reported  to  be  at  86  feet  bgs  (EA  Engineering,  Science,  and 
Technology,  1992b).  More  detailed  geologic  information  for  Site  510.8  can  be  found 
in  the  geologic  cross  section  (Figure  2.2)  and  the  geologic  boring  logs  (Appendix  A). 

During  the  ES  drilling  program,  contaminated  soils  were  identified  based  on  visual 
appearance,  odor,  and  results  of  total  hydrocarbon  analyzer  field  screening  for  volatile 
organic  compounds  (VOCs).  Stoddard®  solvent-contaminated  soils  were  encountered  at 
MPA  from  30  to  50  feet  bgs  and  at  MPC  from  40  to  50  feet  bgs.  No  solvent 
contamination  was  discovered  while  drilling  at  MPB.  During  the  previous  site 
investigation,  EA  encountered  solvent-contaminated  soils  in  the  VW  from  20  to  60  feet 
bgs  and  in  EA-MW1  from  7  to  30  feet  bgs  (EA  Engineering,  Science,  and  Technology, 
1992b). 

Soil  samples  for  laboratory  analysis  were  collected  from  18-inch  split-spoon 
samplers  with  2-inch-diameter  brass  liners.  Soil  samples  were  screened  for  VOCs 
using  a  hydrocarbon  analyzer  to  determine  the  presence  of  contamination  and  to  select 
samples  for  laboratory  analysis.  Soil  samples  for  laboratory  analysis  were  collected 
from  MPA,  MPB,  and  MPC  at  depths  of  49,  39,  and  49  feet  bgs,  respectively. 

Soil  gas  samples  were  collected  from  the  VW,  at  40  feet  bgs  from  MPA,  and  at  35 
feet  bgs  from  MPB.  Soil  gas  samples  were  collected  using  3-liter  Tedlai®  bags  and 
vacuum  chambers.  After  the  samples  were  collected  into  Tedlai®  bags,  they  were 
transferred  to  1-liter  SUMMA®  canisters  and  shipped  to  the  laboratory. 

Soil  samples  were  shipped  via  Federal  Express®  to  the  Pace,  Inc.  laboratory  in 
Novato,  California  for  chemical  and  physical  analysis.  Soil  samples  were  analyzed  for 
TRPH,  BTEX,  iron,  alkalinity,  pH,  total  Kjeldahl  nitrogen  (TKN),  phosphates,  and 
several  physical  parameters.  Soil  gas  samples  were  shipped  via  Federal  Express®  to 
Air  Toxics,  Inc.  in  Folsom,  California  for  TVH  and  BTEX  analysis  by  EPA  Method 
TO-3.  The  TVH  analyses  were  referenced  to  JP-4  jet  fuel.  The  results  of  these 
analyses  are  provided  in  Table  2.1. 

2.3  Exceptions  To  Test  Protocol 

Procedures  described  in  the  protocol  document  (Hinchee  et  al.,  1992)  were  used  to 
complete  the  pilot  test  at  Site  510.8,  with  the  following  exception.  No  background 
point  was  installed  at  Site  510.8.  Background  conditions  in  uncontaminated  soil  at  Hill 
AFB  were  established  during  prior  research  efforts  (Hinchee  and  Miller,  1991). 

2.4  Test  Results 

2.4.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  air  injection,  all  MP  screens,  the  VW,  and  MW-1  were  purged, 
and  initial  oxygen,  carbon  dioxide,  and  TVH  concentrations  were  determined  using 
portable  gas  analyzers,  as  described  in  the  technical  protocol  document  (Hinchee 
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TABLE  2.1 
SITE  510.8 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 
HILL  AFB,  UTAH 


Analyte  (Units)a/ 

Sample  Location-Depth 
(feet  below  ground  surface) 

Soil  Hydrocarbons 

MPA-49 

MPB-39 

MPC-49 

TRPH  (mg/kg) 

1,440 

ND  (5.3)b/ 

14,200 

Benzene  (mg/kg) 

ND  (0.08) 

ND  (0.0003) 

ND  (0.002) 

Toluene  (mg/kg) 

ND  (0.08) 

ND  (0.0003) 

ND  (0.002) 

Ethylbenzene  (mg/kg) 

ND  (0.08) 

ND  (0.0003) 

ND  (0.002) 

Xylenes  (mg/kg) 

ND  (0.2) 

ND  (0.0007) 

ND  (0.003) 

Soil  Gas  Hydrocarbons 

VW  34-64 

MPA-40 

MPB-35 

TVH  (ppmv)  c/ 

1,100 

760 

140 

Benzene  (ppmv) 

ND  (0.030) 

ND  (0.061) 

ND  (0.006) 

Toluene  (ppmv) 

0.034 

0.13 

0.37 

Ethylbenzene  (ppmv) 

ND  (0.030) 

0.11 

0.055 

Xylenes  (ppmv) 

0.15 

0.51 

0.62 

Soil  Inorganics 

MPA-49 

MPB-39 

MPC-49 

Iron  (mg/kg) 

4,400 

4,200 

5,580 

Alkalinity 

1 

(mg/kg  as  CaC03) 

260 

430 

320 

pH  (units) 

8.6 

9.0 

8.5 

TKN  (mg/kg) 

120 

61 

120 

Phosphates  (mg/kg) 

3,000 

560 

3,100 

Soil  Physical  Parameters 

MPA-49 

MPB-39 

MPC-49 

Moisture  (%  wt.) 

4.0 

5.2 

15.0 

Gravel  (%) 

0 

0 

2.6 

Sand  (%) 

86.5 

66.1 

69.6 

Silt  (%) 

7.4 

26.9 

19.6 

Clay  (%) 

6.1 

7.0 

8.2 

Soil  Temperature  ('“FI 

MPA-20 

MPA-50 

62.0 

60.8 

a/  TRPH— total  recoverable  petroleum  hydrocarbons;  mg/kg = milligrams  per  kilogram;  TVH= total  volatile 

hydrocarbons;  ppmv = parts  per  million,  volume  per  volume;  CaC03= calcium  carbonate;  TKN= total 
Kjeldahl  nitrogen,  °F= degrees  Fahrenheit, 
b/  ND=not  detected  at  method  detection  limit  (in  parentheses), 
c /  TVH  referenced  to  jet  fuel  (molecular  weight— 156). 
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et  al.,  1992).  Table  2.2  summarizes  the  initial  soil  gas  chemistry  at  Site  510.8.  The 
results  strongly  indicate  that  biological  fuel  degradation  has  depleted  the  oxygen  supply 
in  solvent-contaminated  vadose  zone  soils.  During  drilling  and  installation  of  the  MPs, 
physical  evidence  of  Stoddard®  solvent  contamination  (i.e.,  hydrocarbon  odor  and 
staining)  was  noted  at  MPA  from  30  to  50  bgs  and  at  MPC  from  40  to  50  feet  bgs.  At 
soil  gas  sampling  locations  in  these  solvent-contaminated  zones  (i.e.,  MPA-40,  MPA- 
50,  MPC-40,  and  MPC-50),  oxygen  had  been  depleted,  with  concentrations  ranging 
from  0.0  to  5.4  percent,  and  carbon  dioxide  was  present  at  elevated  concentrations 
ranging  from  12.0  to  15.0  percent.  In  contrast,  oxygen  concentrations  collected  from 
all  other  site  locations  ranged  from  6.0  to  13.0  percent,  and  carbon  dioxide 
concentrations  ranged  from  4.1  to  11.5  percent.  Because  the  solvent-contaminated  soil 
zones  contained  low  oxygen  and  high  carbon  dioxide  concentrations  relative  to  those  in 
uncontaminated  soil,  oxygen  consumption  and  carbon  dioxide  accumulation  in  solvent- 
contaminated  soils  can  be  attributed  to  petroleum  hydrocarbon  biodegradation  rather 
than  the  consumption  of  naturally  occurring  soil  organic  matter. 

2.4.2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  at  Site  510.8  according  to  protocol 
procedures.  Air  was  injected  for  16  hours  into  the  VW  at  a  rate  of  approximately  62 
scfm  and  an  average  pressure  of  approximately  27  inches  of  water.  The  pressure 
response  at  each  MP  is  recorded  in  Table  2.3.  Due  to  the  gradual  pressure  increase 
with  time  and  relatively  long  time  to  achieve  steady-state  pressures,  the 
Hyperventilate®  model  was  used  to  calculate  air  permeabilities  (Hinchee  et  al.,  1992). 
Calculated  air  permeability  values  ranged  from  7.9  to  149  darcys,  indicating  that  soil  in 
solvent-contaminated  zones  at  Site  510.8  is  highly  permeable  to  air  flow  and  should  be 
easily  oxygenated.  A  radius  of  pressure  influence  of  at  least  25  feet  was  observed  at  all 
monitored  depths,  as  demonstrated  by  the  pressure  response  observed  at  MPB. 

2.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  influence  in  the  subsurface  resulting  from  air 
injection  into  the  central  VW  during  pilot  testing  is  the  primary  design  parameter  for 
full-scale  bioventing  systems.  Optimization  of  full-scale  and  multiple  VW  systems 
requires  pilot  testing  to  determine  the  volume  of  soil  that  can  be  oxygenated  at  a  given 
flow  rate  and  VW  screen  configuration. 

Table  2.4  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  the  16- 
hour  soil  gas  permeability  test.  Significant  increases  in  the  oxygen  concentration  were 
measured  at  each  MP  interval  with  the  exceptions  of  MPB-20  and  MW-1,  which  both 
showed  a  slight  decrease  in  oxygen  concentration.  The  decreased  oxygen  levels 
observed  at  these  points  result  from  the  outward  movement  of  oxygen-deficient  air 
from  the  more  highly  contaminated  central  portion  of  the  site  caused  by  the  injection  of 
air  at  the  VW.  The  decrease  in  oxygen  levels  indicates  significant  air  movement 
through  the  soils,  and  it  is  expected  that  oxygen  will  reach  these  points  with  continuous 
air  injection.  This  relatively  brief  air  injection  period  of  16  hours  produced  a  radius  of 
oxygen  influence  of  at  least  25  feet  in  site  soils.  It  is  likely  that  the  radius  of  oxygen 
influence  for  a  long-term  bioventing  system  on  this  site  will  exceed  25  feet  at  all 
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TABLE  2.2 
SITE  510.8 

INITIAL  SOIL  GAS  CHEMISTRY 
HILL  AFB,  UTAH 


MP 

Depth 
(feet  bgs) 

o2  (%) 

C02(%) 

Field 

TVH 

(ppmv) 

Lab 

TVHa/ 

(ppmv) 

VW 

34-64 

11.5 

6.7 

410 

1,100 

A 

20 

8.6 

9.3 

340 

NS  b/ 

A 

40 

0.0 

15.0 

500 

760 

A 

50 

5.4 

12.0 

500 

NS 

B 

20 

6.2 

10.8 

210 

NS 

B 

35 

10.2 

8.0 

260 

140 

B 

50 

11.8 

7.0 

250 

NS 

C 

20 

6.0 

11.5 

260 

NS 

C 

40 

0.7 

15.0 

350 

NS 

C 

50 

0.8 

14.8 

540 

NS 

MW-1 

80-100 

13.2 

4.1 

280 

NS 

a/  Lab  TVH  referenced  to  jet  fuel  (molecular  weight  =  156). 
b/  NS  =  not  sampled. 
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TABLE  2.3 
SITE  510.8 

PRESSURE  RESPONSE  AT  MONITORING  POINTS  DURING  THE  AIR  PERMEABILITY  TEST 
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—  denotes  no  reading  taken  at  this  time. 


TABLE  2.4 
SITE  510.8 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 
HELL  AFB,  UTAH 


MP 

Distance 

From  VW  (ft) 

Depth 
(feet  bgs) 

Initial  C>2(%) 

Final  02(%)a/ 

A 

12.08 

20 

8.6 

20.3 

A 

12.08 

40 

0.0 

20.3 

A 

12.08 

50 

5.2 

20.6 

B 

25.0 

20 

6.2 

5.5 

B 

25.0 

35 

10.0 

19.0 

B 

25.0 

50 

11.8 

20.4 

C 

9.41 

20 

6.0 

20.6 

C 

9.41 

40 

0.7 

20.6 

C 

9.41 

50 

0.8 

19.7 

MW-1 

14.5 

80-100 

13.2 

12.6 

a / 


Duration  of  air  injection  =  16  hours. 
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depths,  and  that  the  entire  contaminated  region  is  being  supplied  with  oxygen.  Future 
monitoring  at  this  site  will  better  define  the  treatment  radius. 

2.4.4  In  Situ  Respiration  Rates 

In  situ  respiration  testing  was  performed  at  Site  510.8  according  to  protocol 
document  procedures.  Air  admixed  with  approximately  8-percent  helium,  an  inert 
tracer  gas,  was  injected  into  MP  screened  intervals  MPA-40,  MPA-50,  MPB-35,  and 
MPC-50  for  a  21. 5-hour  period  at  a  rate  of  approximately  1  scfm  per  screened  interval 
to  deliver  oxygen  to  solvent-contaminated  soils.  At  the  end  of  the  21.5-hour  period, 
air  injection  ceased  and  changes  in  soil  gas  composition  were  monitored  over  time. 
Oxygen,  TVH,  carbon  dioxide,  and  helium  were  measured  over  a  period  of  72  hours 
following  the  air  injection  period.  The  measured  rates  of  oxygen  utilization  were  then 
used  to  estimate  the  aerobic  fuel  biodegradation  rates  at  Site  510.8.  The  results  of  in 
situ  respiration  testing  are  presented  in  Figures  2.5  through  2.8.  Table  2.5  provides  a 
summary  of  the  observed  oxygen  utilization  rates. 

Because  helium  is  a  conservative,  inert  gas,  the  change  in  helium  concentrations 
over  time  can  be  useful  in  determining  if  oxygen  diffusion  is  responsible  for  a  portion 
of  the  oxygen  lost  from  each  MP,  or  if  leakage  is  occurring  due  to  improper  MP 
construction.  Figures  2.5  through  2.8  compare  oxygen  utilization  and  helium 
retention.  Helium  was  lost  at  rapid  rates  over  the  first  1,000  minutes  of  the  in  situ 
respiration  test.  However,  the  rate  of  helium  loss  was  much  lower  for  the  remainder  of 
the  test,  indicating  that  MP  construction  was  sound  and  no  major  leakage  or  short- 
circuiting  had  occurred.  Because  the  in  situ  respiration  test  was  performed  shortly  after 
the  soil  gas  permeability  and  oxygen  influence  test,  the  entire  vadose  zone  had  been 
oxygenated  within  a  minimum  25-foot  radius  from  the  VW.  Therefore,  it  is  highly 
probable  that  the  gradient  of  oxygen  diffusion  opposed  that  of  helium  diffusion  during 
this  test.  Oxygen  will  diffuse  from  uncontaminated  soils  at  the  perimeter  of  the  site 
into  contaminated  soil  as  oxygen  is  consumed  in  the  contaminated  soil  regions. 
Conversely,  helium  will  diffuse  from  regions  of  contaminated  soil,  where  it  was 
injected,  toward  the  outlying  uncontaminated  soil.  Thus,  the  observed  oxygen  loss  can 
be  attributed  entirely  to  bacterial  respiration. 

At  Site  510.8,  only  an  estimated  140  mg  of  fuel  per  kg  of  soil  can  be  degraded  each 
year.  This  value  is  the  average  of  the  fuel  consumption  rates  calculated  for  every  point 
at  which  a  respiration  test  was  conducted.  The  MP-specific  fuel  consumption  rates 
were  calculated  using  observed  oxygen  utilization  rates,  estimated  air-filled  soil 
porosities,  and  a  conservative  ratio  of  3.5  mg  of  oxygen  consumed  for  every  1  mg  of 
fuel  biodegraded.  Oxygen  loss  occurred  at  slow  linear  rates,  ranging  from  0.0001  to 
0.0009  percent  per  minute.  The  air-filled  soil  porosities,  calculated  for  each  sampling 
point,  ranged  from  0.089  to  0.2  liter  of  air  per  kg  of  soil.  The  low  initial  oxygen 
levels  and  elevated  carbon  dioxide  levels  are  the  most  convincing  evidence  that 
biodegradation  is  occurring  at  this  site. 

2.5  Recommendations 

Initial  bioventing  tests  at  Site  510.8  indicate  that  oxygen  has  been  depleted  in 
solvent-contaminated  soils,  and  that  oxygen  can  be  uniformly  distributed  through  these 
soils  by  injecting  air  into  the  VW.  Although  results  of  the  in  situ  respiration  test  were 
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Figure  2.7 
Respiration  Test 
and  Helium  Concentrations 
Site  510.8,  MPB-35 


(minutes  x  1000) 


TABLE  2.5 
SITE  510.8 

OXYGEN  UTILIZATION  RATES 
HILL  AFB,  UTAH 


MP 

02  Loss37 
(%) 

Testb/ 

Duration 

(min) 

02  Utilization07 

Rate 

(%/min) 

MPA-40 

3.6 

4310 

0.0009 

MPA-50 

0.5 

4310 

0.0001 

MPB-35 

0.9 

4300 

0.0003 

MPC-50 

0.6 

4280 

0.0001 

a /  Actual  measured  oxygen  loss. 

b /  Elasped  time  from  beginning  of  test  to  time  when  minimum  oxygen 
concentration  was  measured. 

c/  Values  based  on  linear  regression  (Figures  2.5  through  2.8). 
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inconclusive,  air  injection  may  be  an  effective  method  of  stimulating  aerobic  petroleum 
solvent  biodegradation.  AFCEE  has  recommended  that  air  injection  continue  on  this 
site  to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of  time, 
available  nutrients,  and  changing  temperatures  on  solvent  biodegradation  rates. 

A  1-HP  regenerative  blower  has  been  installed  at  the  site  (Figure  2. 1)  for  continuous 
air  injection.  In  March  1994,  ES  will  return  to  the  site  to  sample  and  analyze  the  soil 
gas  and  conduct  a  repeat  respiration  test.  In  August  1994,  a  final  respiration  test  will 
be  conducted,  and  soil  and  soil  gas  samples  will  be  collected  from  the  site  to  determine 
the  degree  of  remediation  achieved  during  the  first  year  of  in  situ  treatment. 

Based  on  the  results  of  the  first  year  of  pilot-scale  bioventing,  AFCEE  will 
recommend  one  of  three  options: 

1.  Continue  operation  of  the  bioventing  system  for  full-scale  remediation  of  the 
site. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  cleanup  criteria 
have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  during  bioventing  at  this 
site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and  proper 
abandonment  of  the  VWs  and  MPs. 

3.0  SITE  1705 

3.1  Pilot  Test  Design 

This  section  describes  the  final  design  and  installation  of  the  bioventing  system  at 
Site  1705.  One  VW,  two  MPs,  and  one  groundwater  monitoring  well  were  installed  at 
the  site  by  another  Air  Force  contractor  in  November  1992,  prior  to  ES  involvement. 
ES  installed  a  blower  unit  at  the  site  during  initial  bioventing  pilot  testing  in  July  1993. 
Figure  3.1  depicts  the  locations  of  the  VW,  MPs,  groundwater  monitoring  well,  and 
the  blower  unit. 

3.1.1  Air  Injection  Vent  Well 

The  air  injection  VW  was  installed  by  another  Air  Force  contractor  following 
procedures  described  in  the  AFCEE  bioventing  protocol  document  (Hinchee  et  al., 
1992).  The  location  of  the  VW  is  illustrated  in  Figure  3.1,  and  construction  details  are 
included  in  Appendix  A.  The  VW  was  constructed  using  4-inch-diameter,  Schedule  40 
PVC  casing,  with  10  feet  of  0.020-inch-slotted  PVC  screen  installed  from  10  to  20  feet 
bgs.  The  annular  space  between  the  well  casing  and  borehole  was  filled  with  number 
10-20  filter  pack  sand  from  8  to  23  feet  bgs.  A  1.5-foot  layer  of  granular  bentonite 
was  placed  above  the  sand  and  overlaid  with  5.5  feet  of  cement/bentonite  grout.  One 
foot  of  concrete  was  used  to  fill  the  annular  space  to  the  existing  ground  surface.  The 
top  of  the  well  was  completed  using  a  flush-mounted  metal  well  protector  set  in 
concrete  (Radian  Corporation,  1993). 
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3.1.2  Monitoring  Points 

Two  MPs  were  installed  at  Site  1705  by  another  Air  Force  contractor  prior  to  ES 
involvement  (Radian  Corporation,  1993).  The  screened  intervals  at  MPA  and  MPB 
were  installed  at  13  and  15  feet  bgs,  respectively.  Construction  details  for  the  MPs  are 
included  in  Appendix  A.  Each  MP  monitoring  interval  was  constructed  using  a  18-inch 
section  of  1.5-inch-diameter  PVC  well  screen  and  0.25-inch  inside-diameter  plastic 
tubing  extending  to  the  ground  surface.  Each  screen  was  installed  in  a  bed  of  number 
10-20  sand.  A  2-foot  layer  of  bentonite  (hydrated  in  place)  was  placed  on  top  of  the 
sand.  Cement/bentonite  grout  was  placed  in  the  annular  space  on  top  of  the  bentonite 
to  1  foot  bgs.  Concrete  was  placed  in  the  annular  space  from  1  foot  bgs  to  the  ground 
surface.  The  tops  of  both  MPs  were  completed  with  flush-mounted  metal  well 
protectors  set  in  the  concrete.  Groundwater  monitoring  well  MW-1  was  also  used  as  a 
vapor  MP  during  the  initial  pilot  testing.  Construction  details  for  MW-1  also  are 
included  in  Appendix  A. 

3.1.3  Blower  Unit 

A  1-HP  Gast®  regenerative  blower  unit  was  installed  at  Site  1705  for  the  oxygen 
influence  test  and  the  extended  pilot  test.  The  blower  is  energized  by  240-volt,  single¬ 
phase,  30-amp  line  power  from  a  breaker  box  in  Building  1722,  adjacent  to  the  site, 
and  is  housed  in  a  weatherproof  enclosure.  The  extended  pilot  test  blower  is  currently 
injecting  air  at  a  flow  rate  of  approximately  30  scfm  for  the  extended  pilot  test.  The 
configuration,  instrumentation,  and  specifications  for  the  extended  pilot  test  unit  are 
shown  in  Figure  3.2.  After  blower  installation  and  startup,  ES  engineers  provided  an 
O&M  manual  to  base  personnel.  A  copy  of  the  manual  is  provided  in  Appendix  B. 

3.2  Soil  and  Soil  Gas  Sampling  Results 

Based  on  a  site  investigation  by  Radian  Corporation  (1993),  hydrocarbon 
contamination  appears  to  have  migrated  to  a  depth  of  23  feet  bgs  southwest  of  the 
former  UST  area.  The  depth  to  groundwater  was  reported  to  be  approximately  25  feet 
bgs  in  November  1992.  Soils  at  Site  1705  are  mostly  fine-  to  medium-grained  sand, 
with  some  lenses  of  sandy  silt.  Soil  boring  logs  are  included  in  Appendix  A.  Results 
of  laboratory  soil  sampling  are  summarized  in  Table  3.1.  TRPH  concentrations  ranged 
from  nondetect  (<  10  mg/kg)  to  13,200  mg/kg. 

Laboratory  soil  gas  samples  were  collected  by  ES  from  the  VW,  MPA,  and  MPB. 
Soil  gas  samples  were  collected  using  3-liter  Tedlar®  bags  and  vacuum  chambers. 
After  the  samples  were  collected  into  Tedlar®  bags,  they  were  transferred  to  1-liter 
SUMMA®  canisters  and  shipped  to  the  laboratory.  Soil  gas  samples  were  shipped  via 
Federal  Express®  to  Air  Toxics,  Inc.  in  Folsom,  California  for  TVH  and  BTEX 
analysis  by  EPA  Method  TO-3.  The  TVH  analyses  were  referenced  to  gasoline.  The 
results  of  these  analyses  are  provided  in  Table  3.1. 

3.3  Exceptions  To  Test  Protocol 

Procedures  described  in  the  protocol  document  (Hinchee  et  al.,  1992)  were  used  to 
complete  the  pilot  test  at  Site  1705,  with  the  following  exceptions.  Initial  soil  sampling 
performed  by  other  Air  Force  contractors  deviated -from  the  protocol.  TRPH  samples 
were  analyzed  using  a  modified  EPA  Method  8015,  rather  than  with  Method  418.1  as 
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TABLE  3.1 
SITE  1705 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 
HILL  AFB,  UTAH 


Analyte  (Units)37 

Sample  Location-Depth 
(feet  below  ground  surface) 

Soil  Hvdrocarbonsb/ 

VW-10 

MPA-23-25 

MPB-11-13 

TRPH  (mg/kg) 

13,200 

ND  (0.01)  c/ 

ND  (0.01) 

Benzene  (mg/kg) 

ND  (0.025) 

ND  (0.01) 

ND  (0.01)  . 

Toluene  (mg/kg) 

ND  (0.025) 

ND  (0.01) 

ND  (0.01) 

Ethylbenzene  (mg/kg) 

ND  (0.025) 

ND  (0.01) 

ND  (0.01) 

Xylenes  (mg/kg) 

0.36 

ND  (0.01) 

ND  (0.01) 

Soil  Gas  Hydrocarbons 

VW-10-20 

MPA-13  MPB-15.4 

TVH  (ppmv)  d/ 

110 

7.7 

13 

Benzene  (ppmv) 

0.024 

0.008 

0.004 

Toluene  (ppmv) 

0.035 

0.014 

0.007 

Ethylbenzene  (ppmv) 

0.025 

ND  (0.002) 

0.006 

Xylenes  (ppmv) 

0.14 

0.007 

0.013 

Soil  Physical  Parametersb/ 

VW- 15-20 

MPA-6- 12 

MPB-5-10 

Moisture  (%  wt.) 

8.3  e/ 

10.3  f/ 

3.3  g/ 

Gravel  (%) 

0 

1 

3 

Sand  (%) 

70 

71 

70 

Silt  and  Clay  (%) 

30 

28 

27 

a/  TRPH = total  recoverable  petroleum  hydrocarbons;  mg/kg = milligrams  per  kilogram;  TVH = total  volatile 
hydrocarbons;  ppmv=parts  per  million,  volume  per  volume, 
b/  Radian  Corporation,  1993. 

c/  ND =not  detected  at  method  detection  limit  (in  parentheses), 
d /  TVH  referenced  to  gasoline  (molecular  weight = 100). 
e/  Sample  collected  at  10  feet  bgs. 
f/  Sample  collected  at  23-25  feet  bgs. 
g/  Sample  collected  at  11-13  feet  bgs. 
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specified  in  the  protocol.  Soil  samples  collected  during  the  site  investigation  were  not 
analyzed  for  inorganic  parameters  specified  in  the  protocol.  These  analyses  will  be 
performed  during  the  12-month  sampling  event.  No  thermocouples  were  installed  at 
Site  1705.  Also,  no  background  points  were  installed  at  Site  1705.  Background 
conditions  in  uncontaminated  soil  at  Hill  AFB  have  already  been  established  during 
prior  research  efforts  (Hinchee  and  Miller,  1991).  Because  initial  soil  gas  samples 
from  all  monitoring  locations  contained  high  oxygen  concentrations,  no  in  situ 
respiration  test  was  performed  at  Site  1705.  Also,  the  air  permeability  test  varied 
slightly  from  protocol  procedures. 

3.4  Test  Results 

3.4.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  air  injection,  the  MPs,  VW,  and  MW-1  were  purged,  and  initial 
oxygen,  carbon  dioxide,  and  TVH  concentrations  were  determined  using  portable  gas 
analyzers,  as  described  in  the  technical  protocol  document  (Hinchee  et  al.,  1992). 
Table  3.2  summarizes  the  initial  soil  gas  chemistry  at  Site  1705.  Oxygen  was  present 
at  elevated  concentrations,  ranging  from  16.8  to  17.6  percent,  in  all  soil  gas  samples. 
Carbon  dioxide  was  present  at  low  levels,  ranging  from  2.6  to  3.3  percent.  Field  TVH 
concentrations  were  low,  generally  indicating  the  absence  of  fuel  contamination. 
However,  TRPH  was  detected  at  a  concentration  of  13,200  mg/kg  in  one  soil  sample 
collected  from  the  VW  (Table  3.1),  indicating  that  zones  of  fuel-contaminated  soil  exist 
at  Site  1705.  It  is  possible  that  anaerobic,  fuel-contaminated  zones  exist  at  Site  1705, 
but  MP  screens  have  not  been  set  in  these  zones.  To  ensure  that  the  entire  former  UST 
area  is  oxygenated,  an  extended  blower  system  was  installed  at  the  site. 

3.4.2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  at  Site  1705.  The  testing  procedures 
differed  slightly  from  protocol  procedures  because  soil  gas  at  Site  1705  was  discovered 
to  be  naturally  oxygenated  prior  to  the  initiation  of  the  pilot  testing.  Air  was  injected 
into  the  VW  for  a  period  of  approximately  3  weeks  at  a  rate  of  approximately  70  scfm 
and  an  average  pressure  of  approximately  19  inches  of  water.  Pressure  influence  was 
not  monitored  until  the  end  of  this  period,  when  a  round  of  steady-state  pressure 
readings  were  collected,  and  a  steady-state  permeability  value  was  calculated. 
Pressures  of  4.7,  4.5,  and  5.9  inches  of  water  were  recorded  at  MPA,  MPB,  and  MW- 
1,  respectively.  Baseline  pressures  at  these  points  prior  to  air  injection  had  been  less 
than  0.1  inch  of  water.  Using  the  steady-state  method,  a  soil  gas  permeability  value  of 
35  darcys  was  calculated,  indicating  that  soil  at  Site  1705  is  highly  permeable  to  air 
flow.  A  radius  of  pressure  influence  of  at  least  18.75  feet  was  observed,  as 
demonstrated  by  the  pressure  response  observed  at  MPB.  The  actual  radius  of 
influence  at  Site  1705  under  these  conditions  could  be  as  great  as  35  feet. 

3.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  influence  in  the  subsurface  resulting  from  air 
injection  into  the  central  VW  during  pilot  testing  is  the  primary  design  parameter  for 
full-scale  bioventing  systems.  Optimization  of  full-scale  and  multiple  VW  systems 
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TABLE  3.2 
SITE  1705 

INITIAL  SOIL  GAS  CHEMISTRY 
HILL  AFB,  UTAH 


MP 

Depth 
(feet  bgs) 

o2  (%) 

C02  (%) 

Field 

TVH 

(ppmv) 

Lab 

TVH37 

(ppmv) 

VW 

10-20 

16.8 

3.3 

240 

110 

A 

13 

17.6 

2.8 

180 

7.7 

B 

15.4 

17.2 

3.1 

190 

13 

MW-1 

22-42 

17.4 

2.6 

190 

NSb/ 

a /  Lab  TVH  referenced  to  gasoline  (molecular  weight = 100). 

b/  NS  =  not  sampled. 
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requires  pilot  testing  to  determine  the  volume  of  soil  that  can  be  oxygenated  at  a  given 
flow  rate  and  VW  screen  configuration. 

Table  3.3  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during 
approximately  3  weeks  of  air  injection  with  the  extended  pilot  testing  system. 
Significant  increases  in  oxygen  concentrations  were  measured  at  each  MP  interval  and 
MW-1.  The  observed  radius  of  oxygen  influence  at  this  site  is  18.75  feet,  based  on  the 
results  at  MPB,  but  it  appears  that  the  radius  of  oxygen  influence  for  the  long-term 
bioventing  system  on  this  site  could  exceed  35  feet  at  all  depths.  It  also  appears  that  the 
entire  potentially  contaminated  region  is  being  supplied  with  oxygen.  Future 
monitoring  at  this  site  will  better  define  the  treatment  radius. 

3.5  Recommendations 

Initial  bioventing  tests  at  Site  1705  indicate  that  oxygen  may  already  be  present  in 
fuel-contaminated  soils  at  concentrations  high  enough  to  support  aerobic  fuel 
biodegradation.  The  oxygen  concentrations  can  be  increased  in  these  soils  by  injecting 
air  into  the  VW.  Because  there  may  be  small  undetected  zones  of  anaerobic  soil  at  the 
site,  air  injection  should  continue  to  fully  oxygenate  the  site  soils  and  to  determine  the 
effect  of  time,  available  nutrients,  and  changing  temperatures  on  soil  TRPH 
concentrations. 

A  1-HP  regenerative  blower  has  been  installed  at  the  site  (Figure  3. 1)  for  continuous 
air  injection.  In  March  1994,  ES  will  return  to  the  site  to  sample  and  analyze  the  soil 
gas.  In  August  1994,  soil  and  soil  gas  samples  will  be  collected  from  the  site  to 
determine  the  degree  of  remediation  achieved  during  the  first  year  of  in  situ  treatment. 

Based  on  the  results  of  the  first  year  of  pilot-scale  bioventing,  AFCEE  will 
recommend  one  of  three  options: 

1.  Continue  operation  of  the  bioventing  system  for  full-scale  remediation  of  the 
site. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  cleanup  criteria 
have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  during  the  extended 
bioventing  pilot  test  at  this  site,  AFCEE  could  recommend  the  removal  of  the 
blower  system  and  proper  abandonment  of  the  VWs  and  MPs. 

4.0  SITE  40002 
4.1  Pilot  Test  Design 

This  section  describes  the  final  design  and  installation  of  the  bioventing  system  on 
Site  40002,  located  at  the  Utah  Test  and  Training  Range  in  western  Utah.  One  VW 
and  two  MPs  were  installed  at  the  site  by  the  Salt  Lake  City  office  of  ES  in  November 
1992.  ES-Denver  installed  a  blower  unit  at  the  site  in  August  1993.  Figure  4. 1  depicts 
the  locations  of  the  VW,  MPs,  and  blower  unit  installed  at  Site  40002. 
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TABLE  3.3 
SITE  1705 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 
HILL  AFB,  UTAH 


MP 

Distance 

From  VW  (ft) 

Depth 
(feet  bgs) 

Initial  02(%) 

Final  02(%)a/ 

A 

13.6 

13 

17.6 

20.6 

B 

18.75 

15.4 

17.2 

20.6 

MW-1 

17.1 

22-42 

17.4 

20.6 

a/  Reading  taken  after  approximately  48  hours  of  air  injection. 
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4.1.1  Air  Injection  Vent  Well 

The  air  injection  VW  was  installed  by  ES-Salt  Lake  following  procedures  described 
in  the  AFCEE  bioventing  protocol  document  (Hinchee  et  al.,  1992).  The  location  of 
the  VW  is  illustrated  in  Figure  4.1,  and  construction  details  are  included  in  Appendix 
A.  The  VW  was  constructed  using  4-inch-diameter,  Schedule  40  PVC  casing,  with  40 
feet  of  0.020-inch-slotted  PVC  screen  installed  from  5  to  45  feet  bgs.  The  annular 
space  between  the  well  casing  and  borehole  was  filled  with  number  8  sand  from  3  to 
47.5  feet  bgs.  The  remainder  of  the  annular  space  was  filled  with  cement/bentonite 
grout.  The  top  of  the  well  was  then  completed  using  a  flush-mount  metal  well 
protector  set  in  concrete  (ES,  1993). 

4.1.2  Monitoring  Points 

Two  MPs  were  installed  at  Site  40002  by  ES-Salt  Lake  at  locations  shown  in  Figure 

4.1.  Screened  intervals  at  MPA  were  installed  at  17  and  32  feet  bgs,  and  those  at  MPB 
were  installed  at  16  and  32  feet  bgs.  Construction  details  for  the  MPs  are  included  in 
Appendix  A.  Each  MP  monitoring  interval  was  constructed  using  a  12-inch  section  of 
1.5-inch-diameter  PVC  well  screen  and  3/8-inch  polypropylene  tubing  extending  to  the 
ground  surface.  Each  screen  was  bedded  in  a  sand  pack,  and  bentonite  or  cement  grout 
seals  were  placed  in  the  annular  space  between  the  sand  packs  to  prevent  soil  gas  short 
circuiting.  The  top  of  each  MP  was  completed  with  a  flush-mounted  metal  well 
protector  set  in  concrete  (ES,  1993). 

4.1.3  Blower  Unit 

A  1-HP  Gast®  regenerative  blower  unit  was  installed  at  Site  40002  for  both  the 
initial  and  extended  pilot  tests.  The  blower  was  energized  by  240- volt,  single-phase, 
30-amp  line  power  from  a  breaker  box  adjacent  to  the  site,  and  is  housed  in  a 
weatherproof  enclosure.  The  blower  is  currently  injecting  air  at  a  flow  rate  of 
approximately  45  scfm  into  the  VW  for  the  extended  pilot  test.  The  configuration, 
instrumentation,  and  specifications  for  the  extended  pilot  test  unit  are  shown  on  Figure 

4.2.  After  blower  installation  and  startup,  ES  engineers  provided  an  O&M  manual  to 
base  personnel.  A  copy  of  the  manual  is  provided  in  Appendix  B. 

4.2  Soil  and  Soil  Gas  Sampling  Results 

Based  on  a  site  investigation  by  ES  (January  1993),  hydrocarbon  contamination 
appears  to  have  migrated  to  a  depth  of  47.5  feet  bgs.  After  the  removal  of  the  USTs,  a 
number  of  boreholes  were  placed  in  the  vicinity  to  define  the  extent  of  contamination. 
Soils  at  Site  40002  consist  of  fine  sand,  with  silt  and  clay  at  various  depths.  Soil 
boring  logs  are  included  in  Appendix  A.  Results  of  laboratory  soil  sampling  are 
summarized  in  Table  4.1.  TRPH  concentrations  ranged  from  nondetect  (<  10  mg/kg) 
to  60,600  mg/kg. 

Laboratory  soil  gas  samples  were  collected  by  ES  from  the  VW,  MPA-17,  and 
MPB- 16.  Soil  gas  samples  were  collected  using  3-liter  Tedlar®  bags  and  vacuum 
chambers.  After  the  samples  were  collected  in  Tedlar®  bags,  they  were  transferred  to 
1-liter  SUMMA®  canisters  and  shipped  to  the  laboratory.  Soil  gas  samples  were 
shipped  via  Federal  Express®  to  Air  Toxics,  Inc.  in  Folsom,  California  for  TVH  and 
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INLET  AIR  FILTER  -  SOLBERGWF-30P-150 


TABLE  4.1 
SITE  40002 

SOIL  AND  SOIL  GAS  ANALYTICAL  RESULTS 
UTAH  TEST  AND  TRAINING  RANGE 
HILL  AFB,  UTAH 


Analyte  (Units)37 

Sample  Location-Depth 
(feet  below  ground  surface) 

Soil  Hydrocarbons1*7 

VW-13.5-15 

.5  MPA-13.5-15.5 

MPB-14 

TRPH  (mg/kg) 

60,600 

23,400  ND  (10.0)  c/ 

Benzene  (mg/kg) 

127 

13.4 

ND  (0.01) 

Toluene  (mg/kg) 

1,060 

352 

ND  (0.01) 

Ethylbenzene  (mg/kg) 

333 

144 

ND  (0.01) 

Xylenes  (mg/kg) 

2,309 

1,444 

ND  (0.01) 

Soil  Gas  Hydrocarbons 

VW-5-45 

MPA-17 

MPB-16 

TVH  (ppmv)  d/ 

20,000 

12,000 

1,300 

Benzene  (ppmv) 

ND  (1.1) 

ND  (2.3) 

ND  (0.12) 

Toluene  (ppmv) 

240 

290 

8.3 

Ethylbenzene  (ppmv) 

26 

8.8 

0.68 

Xylenes  (ppmv) 

220 

100 

16 

Soil  Physical  Parameters1^ 

VW-35-37 

MPA-13.5-15.5 

MPB-15-17 

Moisture  (%  wt.) 

12 

23.2 

19 

Gravel  (%) 

0 

NS  e/ 

0 

Sand  (%) 

33 

NS 

22 

Silt  and  Clay  (%) 

67 

NS 

78 

a J  TRPH=total  recoverable  petroleum  hydrocarbons;  mg/kg = milligrams  per  kilogram;  TVH=total  volatile 
hydrocarbons;  ppmv=parts  per  million,  volume  per  volume, 
b/  Engineering  Science,  1993. 

c/  ND=not  detected  at  method  detection  limit  (in  parentheses), 
d /  TVH  referenced  to  gasoline  (molecular  weight = 100). 
e/  NS=not  sampled. 
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BTEX  analysis  by  EPA  Method  TO-3.  The  TVH  analyses  were  referenced  to  gasoline. 
The  results  of  these  analyses  are  provided  in  Table  4.1. 

4.3  Exceptions  To  Test  Protocol 

Procedures  described  in  the  protocol  document  (Hinchee  et  al.,  1992)  were  used  to 
complete  the  pilot  test  at  Site  40002,  with  the  following  exceptions.  TRPH  samples 
were  analyzed  using  a  modified  EPA  Method  8015,  rather  than  Method  418.1  as 
specified  in  the  protocol.  Soil  samples  collected  during  the  site  investigation  were  not 
analyzed  for  inorganic  parameters  specified  in  the  protocol.  These  analyses  will  be 
performed  during  the  12-month  sampling  event.  No  thermocouples  were  installed  at 
Site  40002.  Also,  no  background  points  were  installed  at  Site  40002.  Background 
conditions  at  Hill  AFB  were  established  during  prior  research  efforts  (Hinchee  and 
Miller,  1991).  Soils  at  this  location  should  be  sufficiently  similar  to  those  at  Hill  AFB 
in  their  mineral  and  organic  content  to  apply  Hill  AFB  background  conditions  to  Site 
40002. 

4.4  Test  Results 

4.4.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  air  injection,  all  MP  screens  and  the  VW  were  purged,  and  initial 
oxygen,  carbon  dioxide,  and  TVH  concentrations  were  determined  using  portable  gas 
analyzers,  as  described  in  the  technical  protocol  document  (Hinchee  et  al.,  1992). 
Table  4.2  summarizes  the  initial  soil  gas  chemistry  at  Site  40002.  The  results  strongly 
indicate  that  biological  fuel  degradation  has  depleted  the  oxygen  supply  in  fuel- 
contaminated  vadose  zone  soils.  Oxygen  concentrations  from  all  sampling  locations 
except  MPB-32  were  depleted,  ranging  from  2.3  to  6.0  percent.  These  locations  also 
yielded  elevated  carbon  dioxide  concentrations,  ranging  from  9.2  to  13.8  percent,  and 
elevated  field  TVH  levels,  ranging  from  1,440  to  10,800  ppmv.  In  contrast,  MPB-32 
contained  high  oxygen,  low  carbon  dioxide,  and  low  field  TVH  levels  (Table  4.2). 
Because  the  zones  containing  fuel-contaminated  soil  gas  had  lower  oxygen  and  higher 
carbon  dioxide  concentrations  relative  to  those  in  uncontaminated  soil,  oxygen 
consumption  and  carbon  dioxide  accumulation  in  fuel-contaminated  soils  can  be 
attributed  to  petroleum  hydrocarbon  biodegradation  rather  than  the  consumption  of 
naturally  occurring  soil  organic  matter. 

4.4.2  Soil  Gas  Permeability 

A  soil  gas  permeability  test  was  conducted  at  Site  40002  according  to  protocol 
procedures.  Air  was  injected  into  the  VW  for  approximately  2  weeks  at  a  rate  of  37 
scfm  and  an  average  pressure  of  approximately  45  inches  of  water.  Due  to  the  low 
permeability  of  the  soils  at  this  site,  no  significant  pressure  influence  was  observed  at 
any  of  the  MP  screens  over  the  first  12  hours  of  air  injection.  At  the  end  of  the  2-week 
air  injection  period,  a  round  of  steady-state  pressure  readings  was  collected.  A  steady- 
state  pressure  of  0. 1  inch  of  water  was  observed  at  MPA-17  and  MPB-16.  Pressures  of 
0.4  and  1.0  inch  of  water  were  recorded  at  MPA-32  and  MPB-32,  respectively. 
Baseline  pressures  at  these  points  prior  to  air  injection  had  been  0.0  inch  of  water. 
Using  the  steady-state  method  of  determining  soil  gas  permeability,  a  permeability 
value  of  1.6  darcys  was  calculated,  indicating  that  soil  at  Site  40002  has  somewhat  low 
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TABLE  4.2 
SITE  40002 

INITIAL  SOIL  GAS  CHEMISTRY 
UTAH  TEST  AND  TRAINING  RANGE 
HILL  AFB,  UTAH 


MP 

Depth 
(feet  bgs) 

02  (%) 

C02 (%) 

Field 

TVH 

(ppmv) 

Lab 

TVH37 

(ppmv) 

VW 

5-45 

4.6 

11.7 

10,800 

20,000 

A 

17 

2.8 

13.8 

9,800 

12,000 

A 

32 

6.0 

9.2 

2,400 

NSb/ 

B 

16 

2.3 

13.3 

1,440 

1,300 

B 

32 

16.8 

2.1 

620 

NS 

a /  Lab  TVH  referenced  to  gasoline  (molecular  weight = 100) 
b/  NS  =  not  sampled. 
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permeabiltiy  to  air  flow.  Soils  at  the  32-foot  depth  have  a  higher  permeability  than 
those  at  the  shallow  screened  depth.  A  radius  of  pressure  influence  of  at  least  17.3  feet 
was  observed,  as  demonstrated  by  the  pressure  response  observed  at  MPA. 

4.4.3  Oxygen  Influence 

The  depth  and  radius  of  oxygen  influence  in  the  subsurface  resulting  from  air 
injection  into  the  central  VW  during  pilot  testing  is  the  primary  design  parameter  for 
full-scale  bioventing  systems.  Optimization  of  full-scale  and  multiple  VW  systems 
requires  pilot  testing  to  determine  the  volume  of  soil  that  can  be  oxygenated  at  a  given 
flow  rate  and  VW  screen  configuration. 

Table  4.3  describes  the  change  in  soil  gas  oxygen  levels  that  occurred  during  the 
first  12  hours  of  the  soil  gas  permeability  test  and  after  approximately  2  weeks  of  air 
injection  with  the  extended  pilot  testing  system.  Because  there  were  no  significant 
increases  in  oxygen  concentration  during  the  first  12  hours  of  the  soil  gas  permeability 
test,  the  blower  was  allowed  to  inject  air  continuously  for  2  weeks,  and  oxygen 
concentrations  were  measured  thereafter.  Oxygen  concentrations  increased 
significantly  over  this  2- week  period.  A  radius  of  oxygen  influence  of  17  feet  was 
observed  in  site  soils.  At  a  depth  of  32  feet  bgs,  it  appears  that  the  long-term  radius  of 
oxygen  influence  will  exceed  17  feet.  However,  the  soil  at  16  to  17  feet  bgs  appears  to 
have  very  low  permeability  to  air  flow,  and  the  actual  long-term  radius  of  oxygen 
influence  at  these  depths  may  be  limited  to  between  15  and  20  feet.  Future  monitoring 
at  this  site  will  better  define  the  treatment  radius. 

4.4.4  In  Situ  Respiration  Rates 

In  situ  respiration  testing  was  performed  at  Site  40002  according  to  protocol 
document  procedures.  Air  admixed  with  approximately  4  percent  helium,  an  inert 
tracer  gas,  was  injected  into  the  VW  and  MP  screened  intervals  MPA- 17,  MPA-32, 
MPB-16,  and  MPB-32  for  a  19.5-hour  period  at  a  rate  of  approximately  1  scfm  per 
screened  interval  to  deliver  oxygen  to  fuel-contaminated  soils.  At  the  end  of  the  19.5- 
hour  period,  air  injection  ceased  and  changes  in  soil  gas  composition  were  monitored 
over  time.  Oxygen,  TVH,  carbon  dioxide,  and  helium  were  measured  over  a  period  of 
108  hours  following  the  air  injection  period.  The  measured  rates  of  oxygen  utilization 
were  then  used  to  estimate  the  aerobic  fuel  biodegradation  rates  at  Site  40002.  The 
results  of  in  situ  respiration  testing  are  presented  in  Figures  4.3  through  4.7.  Table  4.4 
provides  a  summary  of  the  observed  oxygen  utilization  rates. 

Because  helium  is  a  conservative,  inert  gas,  the  change  in  helium  concentrations  over 
time  can  be  useful  in  determining  if  oxygen  diffusion  is  responsible  for  a  portion  of  the 
oxygen  lost  from  each  MP,  or  if  leakage  is  occurring  due  to  improper  MP  construction. 
Figures  4.3  through  4.7  compare  oxygen  utilization  and  helium  retention. 

Helium  was  lost  at  rapid  rates  over  the  first  1,000  minutes  of  the  respiration  test. 
However,  the  rate  of  helium  loss  was  much  lower  for  the  remainder  of  the  test, 
indicating  that  MP  construction  was  sound  and  no  major  leakage  or  short-circuiting  had 
occurred.  After  the  first  1,000  minutes  of  the  test  had  passed,  the  rates  of  helium  loss 
and  oxygen  loss  were  approximately  equal  at  all  points  where  a  respiration  test  was 
conducted.  Because  helium  diffuses  approximately  three  times  faster  than  oxygen,  the 
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TABLE  4.3 
SITE  40002 

INFLUENCE  OF  AIR  INJECTION  AT  VENT  WELL 
ON  MONITORING  POINT  OXYGEN  LEVELS 
UTAH  TEST  AND  TRAINING  RANGE 
HILL  AFB,  UTAH 


MP 

Distance 

From  VW  (ft) 

Depth 
(feet  bgs) 

Initial  02(%) 

Final  02(%) 

Permeability  Long-Term 

Test37  System57 

A 

17.3 

17 

2.8 

2.0 

8.8 

A 

17.3 

32 

6.0 

8.0 

19.8 

B 

12.6 

16 

2.3 

7.4 

14.2 

B 

12.6 

32 

16.8 

16.8 

20.4 

a /  Readings  taken  after  12  hours  of  air  injection, 
b/  Readings  taken  after  20  days  of  air  injection. 
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Figure  4.7 
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TABLE  4.4 
SITE  40002 

OXYGEN  UTILIZATION  RATES 
UTAH  TEST  AND  TRAINING  RANGE 
HILL  AFB,  UTAH 


« 

MP 

02  Loss37 
(%) 

Testb/ 

Duration 

(min) 

02  Utilization07 

Rate 

(%/min) 

VW 

6.6 

6480 

0.002 

MPA-17 

16.1 

6480 

0.007 

MPA-32 

8.8 

6480 

0.003 

MPB-16 

16.5 

6480 

0.005 

MPB-32 

5.5 

6480 

0.0009 

a /  Actual  measured  oxygen  loss. 

b/  Elapsed  time  from  beginning  of  test  to  time  when  minimum  oxygen  concentration  was  measured, 
c/  Values  based  on  linear  regression  (Figures  4.3  through  4.7). 
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measured  oxygen  loss  can  be  primarily  attributed  to  bacterial  respiration  rather  than 
diffusion. 

At  Site  40002,  an  estimated  400  mg  of  fuel  per  kg  of  soil  can  be  degraded  each  year 
at  this  site.  This  value  is  the  average  of  the  fuel  consumption  rates  calculated  for  every 
point  at  which  a  respiration  test  was  conducted.  The  MP-specific  fuel  consumption 
rates  were  calculated  using  observed  oxygen  utilization  rates,  estimated  air-filled 
porosities,  and  a  conservative  ratio  of  3.5  mg  of  oxygen  consumed  for  every  1  mg  of 
fuel  biodegraded.  Oxygen  loss  occurred  linearly  at  slow  to  moderate  rates,  ranging 
from  0.0009  to  0.0072  percent  per  minute.  The  air-filled  porosities,  calculated  for 
each  sampling  point,  ranged  from  0.015  to  0. 1 17  liter  of  air  per  kg  of  soil. 

4.5  Recommendations 

Initial  bioventing  tests  at  Site  40002  indicate  that  oxygen  has  been  depleted  in  fuel- 
contaminated  soils,  and  that  air  injection  is  an  effective  method  of  stimulating  aerobic 
fuel  biodegradation.  AFCEE  has  recommended  that  air  injection  continue  on  this  site 
to  determine  the  long-term  radius  of  oxygen  influence  and  the  effect  of  time,  available 
nutrients,  and  changing  temperatures  on  fuel  biodegradation  rates. 

A  1-HP  regenerative  blower  has  been  installed  on  the  site  (Figure  4.1)  for 
continuous  air  injection.  In  March  1994,  ES  will  return  to  the  site  to  sample  and 
analyze  the  soil  gas  and  conduct  a  repeat  respiration  test.  In  August  1994,  a  final 
respiration  test  will  be  conducted,  and  soil  and  soil  gas  samples  will  be  collected  from 
the  site  to  determine  the  degree  of  remediation  achieved  during  the  first  year  of  in  situ 
treatment. 

Based  on  the  results  of  the  first  year  of  pilot-scale  bioventing,  AFCEE  will 
recommend  one  of  three  options: 

1.  Upgrade  and  continue  operation  of  the  bioventing  system  for  full-scale 
remediation  of  the  site. 

2.  If  final  soil  sampling  indicates  significant  contaminant  removal  has  occurred, 
AFCEE  may  recommend  additional  sampling  to  confirm  that  cleanup  criteria 
have  been  achieved. 

3.  If  significant  difficulties  or  poor  results  are  encountered  during  bioventing  at  this 
site,  AFCEE  could  recommend  the  removal  of  the  blower  system  and  proper 
abandonment  of  the  VWs  and  MPs. 
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APPENDIX  A.  1 

SOIL  BORING  LOGS,  WELL  AND  VAPOR  PROGE 
COMPLETION  DETAILS 
SITE  388 

(EA  Engineering,  Science,  and  Technology,  1992a) 
(Montgomery,  Watson,  August  1993) 


11/17/93  12:20  FAX  801  272  0430  MONTGOMERY  WATSN  @002/004 


Date  7—08—92 


Client  -Hill  AFB,  EMR 


SOIL  VAPOR  EXTRACTION  WELL 

Geologist  Bruce  Holey  Job  Number  60187.05 
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Total  hole  depth  149  b 
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SOIL  VAPOR  PROBE  INSTALLATION 


SOIL  VAPOR  PROBE  CONSTRUCTION 
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y  -  iw 


SCREENED  INTERVAL 


DEPTH  OF  CASING 
BOREHOLE  DEPTH 


MONITORING  WELL 
COMPLETION  SHEET 
FIGURE  2*8 
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BORING  NO,  388MW-1 

Geologist:  Bruce  Haley 
Coordinates  X:  0.00 

V:  0.00 

Surface  Elevation:  0.00 
Casing  Above  Surface: 
Reference  Elevation: 
Reference  Description: 
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Aquifer: 

Location:  HILL  AFB 

Job  No.  60187.05 

Client:  U.S.  AIR  FORCE 

Drilling  Method:  4  1/2  in.  1.0.  HSA 

Sampling  Method:  SS,3  in.o.d.,2  5/8  in.  I.D.,5  ft 
long,  adv.  by  4  1/2  in.  I.D.  HSA 

Date:  07/08/92 
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IN. 

DRVN 

IN. 

RCVO 

SAMP 
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SAMP 

depth 

BLOWS/6T 
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CRAPH 
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SURFACE  CONDITIONS:  Local  depression 

Crass 

0  — 

SS 

60 

22 

1 

4.0 

2500 

- 

5  — 

Moderate  yellowish  brown  (10YR54).  Dry 

Vf-line  sd.  weH  sorted  -  (SU) 

SS 

24 

24 

2 

0.0 

2500 

10  — 

Moderate  ydtowish  brown  (10YTT54),  Dry 

SHI  -  (ML) 

SS 

24 

24 

3 

12.0 

2500 

- 

SS 

60 

27 

14.0 

2500 

15  ~ 

Pale  ydtowish  brown  (HWR62),  0<y 

VI -fine  sd,  well  sorted  -  (SU) 

SS 

60 

16 

10.0 

2500 

- 

Pale  yellowish  brown  (HTTRfi2),  Oiy 

Med  sd,  I0-20X  gravd  -  (CM) 

■ 

20  — 

SAMPLER  TYPE  CROUND-WATER  DEPTH  BELOW  CRADE 

SS  -  DRIVEN  SPLIT  SPOON  AT  COMPLETION  not  encountered 

SH  -  PRESSED  SHELBY  TUBE  AFTER  HRS.  0.00  FT. 

OST  -  OSTENBURG  PISTON  SAMPLER  AFTER  24  HRS.  FT. 

DEN  -  DENISON  CORE  BARREL  SAMPLER 

SPT  -  STANDARD  PENETRATION  TEST  (ASTM  D  1586-84) 

SHV  -  STAINLESS  STEEL  SHOVEL 
NS  -  NO  SAMPLE 
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41.0 

54  TOTAL 

2500 

40  — 

ss 

i 

24 

24 

12 

44.0 
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ss 

24 

24 

13 

46.0 
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ss 

24 

! 

24 

14 
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Pols  yellowish  brown  (10YR82).  Dry 
F-med  sd,  poor  sorting  -  (SU) 


Palo  yellowish  brown  (10YR62),  Dry 
F-med  sd,  10%  grovel  -  (Cli) 


Palo  yellowish  brown  (10TR62).  Drv 
F«*-ro«d  sd.  poor  sorting  -  (SU) 
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SURFACE  CONDITIONS: 
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DRVN 

RCVD 

NO. 

DEPTH 
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FEET 
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80  — 
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Pal#  yellowish  brown  (1CYR62).  Dry 

F-med  *d.  10-15%  grovel  -  (CU) 

SS 

60 

42 

23 

84.0 

90 

; 

85  — 

— 

Pole  yellowish  brown  (10YR62).  Dry 

SS 

60 

42 

24 

89.0 

182 

Fine-  med  *d,  poor  sorting  -  (SU) 

90  — 

SS 

60 

42 

25 

94.0 

17 

- 

95  — 

- 

Dork  yellowish  brown  (10YR66).  St  moist 

— 

Fine  Ml,  mod.weN  sorted  -  (SM) 

SS 

60 
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99.0 
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SS 

60 
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27 
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Moderate  yellowish  brown  (10TR54).  Ory 
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SS 

60 

43 

28 
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SAMP  IN.  IN.  SAMP  SAMP  BLOWS/6*  PID  DEPTH  GRAPH  SURFACE  CONDITIONS: 

TYPE  DRVN  RCVD  NO.  DEPTH  (headepoce)  fEET  LOG 
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SS  60  38  29 


SS  60  38  30  119. 


SS  60  36 


SS  60  50 


SS  60  45 


SS  60  46 


ModeroU  yellowish  brown  (10YR54),  Dry 
F-mod  sd,  thin  layers  sill  mixed  -  (SU) 


Moderate  yellowish  brown  (10YR54),  Dry 
Fine  sd,  thin  layers  silt  mixed  -  (SU) 
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BORING  NO.  388SB-2 

Geologist:  Bruce  Haley 
Coordinates  X:  0.00 

Y:  0.00 

Surface  Elevation:  0.00 
Casing  Above  Surface: 
Reference  Elevation: 
Reference  Description: 


Start  Date:  07/09/92  Completion 
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Aquifer: 

Location:  HILL  AFB 

Job  No.  60187.05 

Client:  U.S.  AIR  FORCE 

Drilling  Method:  4  1/2  in.  1.0.  HSA 

Sampling  Method:  SS,3  in.o.d.,2  5/8  in.l.D.,5  ft 
long,  adv.  by  4  1/2  in.  1.0.  HSA 

Date:  07/09/92 
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ss 

60 
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19.0 

1 

- 

i 

20  — 

SAMPLER  TYPE 
SS  -  DRIVEN  SPLIT  SPOON 
SH  -  PRESSED  SHELBY  TUBE 
OST  -  OSTENBURC  PISTON  SAMPLER 
DEN  -  DENISON  CORE  BARREL  SAMPLER 
SPT  -  STANDARD  PENETRATION  TEST  (ASTM  D  1586-84) 
SHV  -  STAINLESS  STEEL  SHOVEL 
NS  -  NO  SAMPLE 


CROUND-WATER  DEPTH  BELOW  CRADE 


AT  COMPLETION  not, 

AFTER  HRS.  0.00  FT. 

AFTER  24  HRS.  FT. 
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SS  60  14  12  29.0 
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f -mod  *d.  poor  sorting  -  (SU) 
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59.0 

HNu 

320 

Pol*  Y«lowbh  Brown  10  YR  6/2 

F-U«d  SO,  (SKI)  Thin  lay* ns  Iron  Stofns. 

— 
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SURFACE  CONDITIONS: 
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Palo  YeRowbh  Brown  10  YR  6/2 
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Geologist:  Bruce  Haley 

Aquifer: 

Coordinates  X:  0.00 

Location:  HILL  AFB 

Y:  0.00 

Job  No.  60187.05 

Surface  Elevation:  0.00 

Client:  U.S.  AIR  FORCE 

Casing  Above  Surface: 
Reference  Elevation: 

Drilling  Method:  4  1/2  in.  I.D.  HSA 

Reference  Description: 

Sampling  Method:  SS,3  in.o.d.,2  5/8  in.  I.D.,5  ft 
long,  adv.  by  4.1/2  in.  I.D.  HSA 

Start  Date:  07/13/92 

Completion  Date:  07/13/92  * 

SAMP  IN.  IN.  SAMP  SAMP  BLOWS/6* 

TYPE  ORVN  RCVO  NO.  DEPTH 


PID  DEPTH  GRAPH  SURFACE  CONDITIONS:  Locd  depression 

(headspace)  FEET  LOG  Crass 


SAMPLER  TYPE 
SS  -  DRIVEN  SPLIT  SPOON 
SH  -  PRESSED  SHELBY  TUBE 
OST  -  OSTENBURG  PISTON  SAMPLER 
DEN  -  DENISON  CORE  BARREL  SAMPLER 
SPT  -  STANDARD  PENETRATION  TEST  (ASTM  D  1586-84) 
SHV  -  STAINLESS  STEEL  SHOVEL 
NS  -  NO  SAMPLE 


GROUND-WATER  DEPTH  BELOW  GRADE 
AT  COMPLETION  not  encountered 

AFTER  HRS.  0.00  FT. 

AFTER  24  HRS.  FT. 
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__ 
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4 
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-— 
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SURFACE  CONDITIONS: 
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SS  60  43 


SS  60  38  8  89. 


SS  60  38  9  94. 


SS  60  36  10  99 


Moderate  yellowish  brown  (10YR54),  Ory 
Vf-fine  sd.  -  (SU) 

Palo  yellowish  brown  (10YR62).  Dry 
F-med  sd  -  (5U) 


SS  60  40  11 


105  — 


Palo  yellowish  brown  (KTTR62).  Dry 
F-med  sd,  15%  gravel  -  (CM) 


SS  60  42  12 


Palo  yellowish  brown  (10YR62).  Ory 
F-med  sd.  poor  sorting  -  (SM) 


110  — 
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SAMP  IN.  IN.  SAMP  SAMP  BLOWS/6"  PID  DEPTH  GRAPH  SURFACE  CONDITIONS: 

TYPE  ORVN  RCVD  NO.  DEPTH  (h«odtpoc«)  FEET  LOG 


Moderale  yellowish  brown  (10YR54),  Dry 
sat.  w/vf  sd  -  (ML) 


120  — 


130  — 


135  — 


Moderale  yellowish  brown  (10TR54).  Dry 
F-med  sd  -  (SU) 

Tolol  Depth  119 


EA  ENGINEERING, 
SCIENCE.  AND 
TECHNOLOGY.  INC. 


LOG  OF  SOIL  BORING 


BORING  NO.  388SB-6 

Geologist:  Bruce  Holey 
Coordinates  X:  0.00 

Y:  0.00 

Surface  Elevation:  0.00 
Casing  Above  Surface: 
Reference  Elevation: 
Reference  Description: 


Start  Date:  07/13/92 


Page  1  of  5 

Aquifer: 

Location:  HILL  AFB 

Job  No.  60187.05 

Client:  U.S.  AIR  FORCE 

Drilling  Method:  4  1/2  in.  I.D.  HSA 

Sampling  Method:  S5,3  in.o.d.,2  5/8  in,  I.D.,5  ft 
long,  adv.  by  4  1/2  in.  1.0.  HSA 


Completion  Date:  07/14/92 


SAMP 

IN. 

IN. 

SAMP 

TYPE 

ORVN 

RCVD 

NO. 

BLOWS/6T 


PID  DEPTH  GRAPH  SURFACE  CONDITIONS:  Local  depression 

(h«odspoc«)  FEET  LOG  Gross 


SAMPLER  TYPE 
SS  -  DRIVEN  SPLIT  SPOON 
SH  -  PRESSED  SHELBY  TUBE 
OST  -  OSTENBURG  PISTON  SAMPLER 
DEN  -  DENISON  CORE  BARREL  SAMPLER 
SPT  -  STANDARD  PENETRATION  TEST  (ASTM  D  1586-84) 
SHV  -  STAINLESS  STEEL  SHOVEL 
NS  -  NO  SAMPLE 


GROUND-WATER  DEPTH  BELOW  GRADE 
AT  COMPLETION  not  encountered 

AFTER  HRS.  0.00  FT. 

AFTER  24  HRS.  FT. 


EA  ENGINEERING, 

science:,  and 

TECHNOLOGY,  INC. 


LOG  OF  SOIL  BORING 


BORING  NO.  388SB-6 


Page  3  of  5 


LOG  OF  SOIL  BORING 


BORING  NO.  388SB-6 


Page  4  of  5 


SAMP  IN.  IN.  SAMP 
TYPE  DRVN  RCVD  NO. 


BLOWS/6"  PID  DEPTH  GRAPH  SURFACE  CONDITIONS* 

(h«odspoc«)  FEET  LOG 


SS  60  42 


$S  60  40 


SS  60  15 


Pal«  yellowish  brown  (10YR62).  Dry 
F-m#d  «d,  Ihin  layers  iron  itoins  -  (SU) 


SS  60  48 


SS  60  44 


105  — 


Moderate  yellowish  brown  (10TR54),  Dry 
f~med  sd,  thin  layers  iron  stains  -  (SU) 


SS  60  38 


EA  ENGINEERING. 
science:,  and 

TECHNOLOGY,  INC. 


LOG  OF  SOIL  BORING 


BORING  NO.  388SB-6  pGge  5  0f  5 


SAMP 

TYPE 

IN. 

DRVN 

IN. 

RCVO 

SAMP 

NO. 

SAMP 

DEPTH 

0LOWS/6T 

PIO 

(heodtpoco] 

DEPTH 

FEET 

GRAPH 

I  LOG 

SURFACE  CONDITIONS: 

SS 

60 

40 

8 

114 

24 

110  — 

115  — 

120  — 

125  — 

130  — 

135  — 

140  — 

Moderate  yellowish  Brawn  10  YR  5/4 

F-Med  SO,  (SU).  dry, 
thin  layers  iron  stains. 

Total  Depth  119  It 

ea  engineering. 

SCIENCE.  AND 
TECHNOLOGY,  INC. 


APPENDIX  A.2 

SOIL  BORING  LOGS,  WELL  AND  VAPOR  PROBE 
COMPLETION  DETAILS 
SITE  510.8 

(EA  Engineering,  Science,  and  Technology,  1992b) 


BORING  NO.: 
CLIENT: 

CB  NO.: 


lF  CEE 


GEOLOGIC  BORING  LOG 

CONTRACTOR:  Pf_  E*  dor*!- ion _ 

”RIG  TYPE:  flclr/r  So; I 

~DRLG  METHOD:  HSA _ 


LOCATION:  S!i£  Sffl.ft,  H.H  dM  UI.  BORING  DLA.: 

EOLOGIST:  <Tnh*  Mil _ DRLG  FLUID 

OMMENTS:  _ 


I"  00 


Geoloeic  Description 


Gkl  lGMl/£L.&/to  'V)vfc<r,  to  l  din  w  .gm  so ac! Q'xd St  It . 

5  V  IsfifJD.rft/d/sh  brcun  v(-rr\  wdl-nr«clr-J  awkr  /travel 


SU / 

30  K“  | iV  0/1-4 


35  i\ 


si  -  slight 
tr  -  trace 
sm  -  some 
&  •  and 
@  -  at 
w  -  with 


v  -very 
It  -  light 
cBc  -dark 
bf  -buff 
bm  -  brown 
blk  -  black 


f  -fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 
veg  -  Vegetation 


JDATE  SPUD: 
~DATE  CMPL: 
^ELEVATION: 
“TEMP.: 
‘WEATHER: 


Sample 


No. 


i-5  *  ID  '$fWD  f(clct  tjA  q/n:(rcl  i  s  &  Si  It,  R/g  I  z 

0850 


01  (ir  I 


1 000  \f  (cover 


SAMPLE  TYPE 
D-DRIVE 
C-CORE 
G-GRAB 


D  Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


BORING  NO.: 
fiLIENT: 
pB  NO- 
LOCATION: 
EOLOGIST: 
MMENTS: 


(Mf  A  CONTRACTOR: 

l\  F £  /-  fr _ RIG  TYPE: 

_ DRLG  METH0D: 

jitc  sio. t  Hm  jfs  ur  boring  dia.: 

iTohr,  Raf  7  DRLG  FLUID 


GEOLOGIC  BORING  LOG 

"tor:  pr  Etekidk « 


Z  of  L 


1c ter  Soil  Mc/ 

Hs  A 
g  "OP 

None _ 


DATE  SPUD: 
DATE  CMPL: 
ELEVATION: 
TEMP.: 
'WEATHER: 


Hcv.  Depth  Pro-  US 
file  CS 


I(i5l 


1 

si  -  slight 

v  -very 

£  -  fine 

SAMPLE  TYPE 

1  tr  -  trace 

It  -  light 

m  -  medium 

D- DRIVE 

D  Core  recovery 

1  sm  -  some 

dk  -dark 

c  -coane 

C-CORE 

&  -  and 

bf  -buff 

BH  -  Bore  Hole 

G-GRAB 

Core  lost 

1  @  -at 

bm- brown 

SAA  -  Same  As  Above 

|  w  -with 

blk  -  black 

veg  -  Vegetation 

Water  level  drilled 

ENGINEERING-SCIENCE 


"Boring  no.:  MP  B 

eiNT;  AFCEE 

NOj  DEZ6&,  Ql. Qt 
ATION:  ^LtSIQ.  8  W 

GEOLOGIST:  &&  Rs<V 

OMMENTS:  ooijhljL 


S.'lt  510.  8  Hill  AFBt/TBORING  DIA.: 
iToKa  Kc^'  DRLG  FLUID 


GEOLOGIC  BORING  LOG  plot  C 

_ CONTRACTOR:  PC  Exploration _ DATE  SPUD:  g 

_ RIG  TYPE:  Adler  CSo.'l  IMoy-  DATE  CMPL: 

_ DRLG  METHOD:  H  9  A _ ELEVATION:  _ 

(/T  BO  RING  DIA.:  12"  Q  D _ TEMP.:  ?F)T 

_ DRLG  FLUID  K/one _ WEATHER:  rr.l^ 

8%/ig/  Qvjrj^JkJ  uil [Z  "  0D  Ojj^Pr  tn  CLCJlMlL  Slin£C  ElhLLz  hit  L2  til  klLLhllLi 


Geoloeic  Description 


t  iSt  -Sorfsce,,  2'~3 wtW-rou*d?d 


US'-ZO1  SflfV D  rec/r/Csh  fefQVft  tf*rn.  poorly  grr-c/fr/  fcr $f±ye}  j  2_  |S“ 

122.0  reem. 


Sample 


No. 


&  -and 
@  -  at 
w  -  with 


bf  -buff 
brn- brown 
blk  -  black 


f  -fine 
m  -  medium 
c  -coarse 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 
veg  -  Vegetation 


SAMPLE  TYPE 
D-DRIVE 
C-CORE 
G-GRAB 


Water  level  drilled 


GEOLOGIC  BORING  LOG 


a 0  RING  NO.: 
CLIENT: 

BB  NO.: 
TOCATION: 
GEOLOGIST: 
MMENTS: 


AF CEF _ 

DIUMiOlM 
s;t.r  iiMjiMEJL  m. 
W  HZ 


Depth  Pro-  US 
file  CS 


Ts^|  ;  -  ’  |  SP  \snuD.m 


_RIG  TYPE: 
"DRLG  METHOD: 
"BORING  DIA.: 
"DRLG  FLUID 


Geotoeic  Description 


PC  Exobfsf  iV?n 

ktC  Soil  Way 

tLhi _ 

IZ"  0J2 

Mm£ _ 


DATE  SPUD: 
~DATE  CMPL: 
"ELEVATION: 
~TEMP.: 
"WEATHER: 


S«mple 


No, 


4  1-3S- 

I3Z.0  0  50 


W-Hi.s’  sm.sto. 


ms'-SO'SDfJDwJtlish  bfow*\ ^yf-f^cll mo !ibj  5  jii-i 
hr  no  odor _ _ _  1545 


plod 

&-V13 

thU 

WE 

S  ton  fix/.  C*!m 


HC-  HO  por-^ 


1 

si  -  slight 

v  -very 

f  -  fine 

SAMPLE  TYPE 

■  tr  -  trace 

It  -  light 

'  m  -  medium 

D- DRIVE 

D  Core  recovery 

J  sm  -  some 

cOc  -  dark: 

c  -coarse 

C-CORE 

&  -and 

bf  -buff 

BH  -  Bore  Hole 

G-GRAB 

Core  lost 

■  @  -  at 

bm  -  brown 

SAA  -  Same  As  Above 

K  w  -  with 

blk-  black 

veg  -  Vegetation 

Water  level  drilled 

Torino  no.: 

CLIENT: 
BBNO^ 
LOCATION: 
GEOLOGIST: 
“OMMENTS: 


GEOLOGIC  BORING  LOG 

MPC _ CONTRACTOR:  PC  Cxp  lorejjon. _ 

A  FCE£ _ RIG  TYPE:  EZSOI2 

D EULjOIlM  PRLO  METHOD:  H  5  A _ 

S!(e  5I0J  Hill  HI!  UL  BORING  DIA.:  3 "  Q_D _ 

iToU  jut  '  DRLG FLUID  Van? _ 


_DATE  SPUD: 
~DATE  CMPL: 
"ELEVATION: 
TEMP.: 
"WEATHER: 


Depth  Pro-  US 

(ft)  file  cs  Geologic  Description 


1  1Q0<2  GlMEL,  Wtli-fOu^rJfrl ,  Xh  "  to  I  U/$nsHt.G> 

,  l-JL-  J  -  -  J  “JL  “  *” r_  ; 

*,  '  SAR/D  fftidah  ,  tff-f  wdlnfr.cff'l .  W0i$t.  L/  n/7 

w  0^;  J  -  J  J~ 


Sample 


No, 


•^5531 BSW! 


SS-tO*  S/}ft/p  &D& s  lf"S  c(  ch  sj  S6~(f  ah  7,Z  j  /  /?  ^'Vk,  1 

A/p  ,  1610 

IQ'-ll s'  5AfrD  iM _ 


G'_J.SU/  £ftfVD yf g<3*i  r  iVgn  3 

Soicjfcvrl  nt  Zt'S*' h$  .ckyf'/  ^d. iLl  0**5* &•£ 

thick  e.fc  zi1,  No  odor .  TrjLiLt' _ 


I  Oi  L 

ll£ll3 

8-6-  n 


f (a--, 


l&.-S'-Zfl’  -S/WOr^;^  yf-  w  2.  |gM  g-£2- 

(rrjrqtff  b  '/i*" dig ,Uo  ockr,  le^ofrl^.e >y  W4  f?'ut  163S 9-s~  D  eg  l^pp-' 

ZW-US'  £fliVD.3Aft  ~  '  _ 


si  -  slight 
tr  -  trace 
sm  -  some 
&  -  and 
@  -  at 
w  -  with 


v  -very 
It  -  light 
die  -dark 
bf  -  buff 
bra -brown 
blk  -  black 


f  -fine 
m  -  medium 
c  -  coane 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 
veg  -  Vegetation 


SAMPLE  TYPE 
D- DRIVE 
C-CORE 
G -  GRAB 


D  Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


ORING  NO.: 
CLIENT: 
l)B  NO.: 
Location: 

GEOLOGIST: 


MFC 


MULE 


o  EUM1M 


John 


GEOLOGIC  BORING  LOG 


S.'tf  Slfl.g  H iHFfi.  UT 


_CO  NTRACTO  R : 
_RIG  TYPE: 
~DRLG  METHOD: 

BORING  DIA.: 
“DRLG  FLUID 


FL 


Picker  Soil  Mqy 


H5fl 


TOP 


_DATE  SPUD: 
~DATE  CMPL: 
"ELEVATION: 
~TEMP.: 
WEATHER: 


r 


r 


g-  f-  7 


I 

I 


si  -  slight 
tr  -  trace 
zm  -  some 
&  -  and 
@  -  at 
w  -  with 


v  -very 
It  -  light 
dk  -dark 
bf  -buff 
bra -brown 
blk  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 
veg  -  Vegetation 


SAMPLE  TYPE 
D-DRIVE 
C-CORE 
G-GRAB 


D  Core  recovery 
Core  lost 


Water  level  drilled 


I 

I 


ENGINEERING-SCIENCE 


LOG  OF  SOIL  BORING 


BORING  NO.  510SVE-1 

Geologist:  Bruce  Haley 
Coordinates  X:  0.00 

Y:  0.00 

Surface  Elevation:  0.00 
Casing  Above  Surface: 
Reference  Elevation: 
Reference  Description: 


Start  Date:  07/14/92  Completion 


Page  1  of  3 

Aquifer: 

Location:  HILL  AFB 

Job  No.  60187.02 

Client:  U.S.  AIR  FORCE 

Drilling  Method:  4  1/2  in.  I.D.  HSA 

Sampling  Method:  SS,3  in.o.d.,2  5/8  in.  LD.,5  ft 
long,  adv.  by  4  1/2  in.I.D.  HSA 

Date:  07/15/92 


SAMP 

TYPE 

IN. 

DRVN 

IN. 

RCVD 

SAMP 

NO. 

SAMP 

DEPTH 

BLOWS/e" 

PID 

(heodspaca) 

DEPTH 

FEET 

GRAPH 

LOG 

SURFACE  CONDITIONS:  Flat  surface 

Bare 

— 

SS 

24 

24 

1 

0.0 

10 

0  — 

- 

- 

- 

SS 

24 

12 

2 

3.0 

5 

— 

— 

SS 

48 

23 

3 

5.0 

5 

5  — 

Dark  yellowish  brown  (UJYR42).  Dry 

F-med  sd,  tr  grovel  -  (SM) 

- 

SS 

60 

36 

4 

9.0 

2 

- 

— 

10  — 

— 

SS 

60 

33 

5 

14.0 

3 

15  — 

Moderate  yellowish  brown  (10YR54),  Dry 

F-med  sd.  thin  layers  iron  stains  -  (SU) 

- 

SS 

60 

30 

6 

19.0 

2500 

- 

— 

20  — 

SAMPLER  TYPE 
SS  -  DRIVEN  SPLIT  SPOON 
SH  -  PRESSED  SHELBY  TUBE 
OST  -  OSTENBURG  PISTON  SAMPLER 
DEN  -  DENISON  CORE  BARREL  SAMPLER 
SPT  -  STANDARD  PENETRATION  TEST  (ASTM  D  1586-84) 
SHV  -  STAINLESS  STEEL  SHOVEL 
NS  -  NO  SAMPLE 


GROUND-WATER  DEPTH  BELOW  GRADE 


AT  COMPLETION 
AFTER  HRS.  0.00 

AFTER  24  HRS. 


not  encountered 
FT. 

FT. 


EA  ENGINEERING. 
Ha SCIENCE.  AMD 

technology,  inc. 


LOG  OF  SOIL  BORING 

BORING  NO.  510SVE-1 

Page  2  of  3 

SS  60  32 


SS  60  35  8  29.0 


SS  60  -  9  34.0 


SS  60  35  10  39.0 


SS  60  28  11  44.0 


SS  60  32  12  49.0 


PIO 

(headspace) 

DEPTH 

FEET 

' 

, 

1 

i 

20  — 

2500 

1 

25  — 

2500 

30  — 

2500 

35  — 

23 

40  — 

2500 

45  — 

2500 

!  50  “ 

Groyish  orange  (10YR74),  Dry 

Vf-f  sd,  thin  loyers  iron  stains  -  (SM) 


Moderate  yellowish  gray  (10YR54),  Dry 
Vf-f  sd.  silty  sd  -  (SM) 


Moderate  yellowish  brown  (10YR54),  Dry 
Fine  sd,  vf— silty  sd  -  (SM) 


EA  ENGINEERING, 

science:,  and 

TECHNOLOGY,  INC. 


LOG  OF  SOIL  BORING 

BORING  NO.  510SVE-1 

Page  3  of  3 

SAMP  SAMP  BLOWS/ 6"  PID  OEPTH  GRAPH  SURFACE  CONDITIONS: 

NO.  DEPTH  (hwdspoc*)  FEET  LOG 


SS  60  35  13  54.0 


_  SS  60  43  14  59.0 


SS  60  37  15  64.0 


SS  60  26  16  69.0 


Moderate  yellowish  brown  (10YR54),  Ory 
Fine  sd,  thin  layers  vf  sHty  sd  -  (SM) 


Moderate  yellowish  brown  (10YR54),  Ory 
Sandy  cloy,  non  plastic,  tr  grvt  -  (Cl) 


Moderate  yellowish  brown  (10YR54),  Ory 
F  sd,  thin  layers  iron  stains  -  (SM) 


Total  Depth  74  ft 


e :a  engineering, 

SCIENCE,  AMD 
TECHNOLOGY,  INC. 


SOIL  VAPOR  EXTRACTION  WELL 


Dote  7—14—92  , 

Client  HHI  AF3,  EMR 

Driller  PC  Exploration 
David  Mott 

Drilling  Method  riSA 

CME  75 

Bore  hole  diameter 
8.25  OD 
4.50  ID 

Sealing  Material — - — 
Cement/Bentonite 

Type  Slurry 


Proportions 


Geologist  Bruce  Holey  Job  Number  5Q1S7.02 


Lie.  # 


gr.  surroce 


Well  Number.  5 10SVE-1 


- Protective  Cover  (yes)  or  no 

Type  Steel _ 

N  Length  of  well  stick  up  2.0  ft 

■"Riser  pipe  dicmeter2" schedule  40 

Riser  pipe  length-  from  34  to  2.0 

cbove 

surface 


Depth  from  50  to  o 

Pure  Wyoming  Bentonite  50I'd  bag 
Gramusii  Silica  Sand  Grade  8 

ICGtb  bag 


Note: 

All  fcotaces  eaucl  to  depth 
below  ground  surface 


-Bentonite  Pellets/Slurry 
from  52  to  50  . 

- Filter  pack  from  •  54  to  32 

■ —  Screen  diameter  2”  schedule  40 

Slot  :si2e  0.020 _ _ 

Screen  set  from  54  to  34 


Total  hole  death  74  backfill 
to  64 


Bentonite  Backfill 


EA  ENGINEERING. 
SCIENCE.  AND 
TECHNO  LOGY 


Figure  4—3 


ENVIRONMENTAL  SERVICES 


Western  Division 


LOG  OF  SOIL  BORING 
Coordinates: 


EA 

MW1 


GRAPHIC 

LOG 


USAF-HAFB 


LOCATION 

Tank  510.8 


DRILLING  AND 

SAMPLING 

METHODS 


CME  Rotary  Rig,  PC  Exploration  Crow,  8.25  inch  O.D. 
Hollow-Stem  Auger,  Continuous  Sampling  System 


WATER  LEVEL  .  qq  61 


TIME 


DATE 


REFERENCE 


13.41 


1/18/91 


TOC 


DRILLING 

START 

FINISH 

TIME 

TIME 

10.30 

10.00 

OATE 

DATE 

1/9/91 

1/10/91 

SURFACE 

coNomoNS 


Snow  and  ice  on  frozen  soil 


DESCRIPTION  by:  A.  T.  Winters 


Sandy  back  fill. 


Silty  sand,  silt  20%, 

moderate  yellowish-brown  10  YR  5/4, 

low  plasticity,  moist,  no  apparent  structure. 


Sand,  poorly-graded,  fine-grained, 
dry,  color  grayish  orange-pink 
5  YR  7/2,  no  apparent  structure. 


Sand,  same  as  above  except  mild 
HC  odor,  minor  gravel  (<10%). 


ENVIRONMENTAL  SERVICES 


Western  Division 


EA 

MW1 


USAF-HAFB 


LOCATION 

Tank  510.8 


Sand,  fine-grained,  strong  HC  odor, 
<10%  gravel,  gravel  to  2  cm.,  dry, 
color  pale  yellowish-brown  1 0  YR  6/2. 


-Silty  clay  layers,  generally  2-3  cm.  thick, 
medium  plasticity,  medium  hard,  finely  bedded 
with  FeOx  coloration  on  bedding  planes, 
color  light  brown  5  YR  6/4. 


Sand,  fine-grained,  color  grayish-orange 

10  YR  7/4,  mild  HC  odor,  dry,  bedding  delineated 

by  thin  (<  1  cm.)  clay  layers  and  FeOx  staining. 


Sand,  as  above. 


Page  2  of  5 


EA 

BORING  MW1 


CLIENT 


USAF-HAFB 


LOCATION 


Tank  510.8 


Sand,  as  above,  fine-grained,  crumbles 
easily,  moist,  color  moderate  yellowish-brown 
1 0  YR  5/4,  bedding  planes  delineated  by  thin 
FeOx  coloration,  beds  1  cm.  to  3  cm.  thick. 


Clay  layers  contain  0-20%  silt  and  fine  sand, 
formation  soft  to  medium  stiff,  medium 
plasticity,  color  moderate  brown  5  YR  4/4. 


Sand,  as  above,  cross  bedding  evident. 


Interbedded  sand  and  silty  clay  layers  .5  cm.  to 
2  cm.  thick,  fine  beds  in  both  units  1  -5  mm.  thick. 
Formation  descriptions  as  above. 
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I  Western  Division 


LOG  OF  SOIL 
BORING 


EA 

MW1 


LOCATION 


USAF-HAFB 


Tank  510.8 


Interbedded  sediments: 
sand,  fine-grained,  moist  to  dry, 
with  1-5  cm.  thick  layers  of  clay, 
medium  plastic,  medium  stiff,  as  above. 


Crossbedding  in  sand  layers,  bedding 
marked  by  Fe-Ox  staining. 


Sand,  fine-grained,  variable  coloration, 
generally  moderate  yellowish-brown  10  YR  5/4 
dry,  crumbles  easily. 


First  water. 


Sand,  fine  to  medium-grained,  as  above, 
approx.  1%  mica  flakes,  saturated. 


ENVIRONMENTAL  SERVICES 


Wostom  Dfvfebn  _  - 

CLIENT 

LOCATION 

fj§Sfyf%,  LOG  OF  SOIL 

CM  BORING  MW1 

USAF-HAFB 

Tank  510.8 

Sand,  fine,  saturated,  as  above  except 
with  10-20%  minor  clay  layers  <1  cm.  thick, 
(CL)  as  described  above,  and  with  variable  silt 
content  to  25%  in  some  layers. 


—  T.D.  100  ft. 


APPENDIX  A. 3 

SOIL  BORING  LOGS,  WELL  AND  VAPOR  PROBE 
COMPLETION  DETAILS 
SITE  1705 

(Radian  Corporation,  1993) 


RADIAN 

CORTORATION 


PROJECT  _ fllf.l.ArBAlTEL/LP - 

TOTAL  DEPTH  41 JM  START  DATE  _ Li 

GEOLOGIST  Bill  Render  APPROVED  BY  _ 

DRILLING  COMPANY  FT  BtpUaatttoa - : - 

DRILLING  METHOD  Hnllnw  Strjn  Auger - 

DRILL  BIT  TYPE  AND  SIZE 
BORING  LOCATION  (ST.  ADDRESS  OR  DESCRIPTION) 


Monitoring  Well  #:  T170S1MW 

LOG  OF  DRILLING  OPERATIONS  rv  _uf  L_ 


1TOI7QS _  LOCATION 


RTaramw? 


DRILLER 
EQUIPMENT 


FINISH  DATE 


lufrjiLWT 


Sc  ^ 

gl 

-  § 

5ft 

°  | 

lb 

«  w 

m3 

S  4- 

C  A 

s  § 

ko 

r 

u 

143 

Lithologic 

Description 

Cotor,  Texture,  MoUtarc,  USCfi  Qua 

mi  .TV  VAMP  dmfk  brown  <10  YR  3/S),  fine  grained, 
oodemety  sorted,  inbrounded,  damp,  (SM). 


j  SAND  dark  brawn  (IQ  YR  3/3V  fiae  mined. 
I  mooeratety  sorted,  snbrounaed,  damp,  (SW). 


SAND  orange  brown  (10  YR  4/6X  medium  grained, 
well  toned,  subangular,  damp,  (SW). 


•  SANDY  SILT  light  brown  (X5  YR  4/4),  fin*  grained, 
moderately  sorted,  subiwndcd,  damp,  (ML). 

*  "SANlT light  btown  (IS  YR  4/4),  line  grained, 

’  moderately  sorted,  subrjunded,  damp,  (b"W ). 


25 — 1^/10/ 
-15/20 


SII  .TV  SAND  Light  brown  (2-5  YR  4/4),  very  fine 
grained,  moderately  toned,  tubrounded,  damp,  (SM). 


SAVQYKlLr  light  brown  (10  YR  5/4),  very  fine 

grained,  p**>rty  sorted,  sulin mmdioi,  d*mp,  (MI.). 


sili  light  brown  (iu  YlO/4),  very  tine  grained,  well 
•artAd,  damp,  (ML). 


fil LT  bruwn  (10  YR4/4),  very  Cmc  grained,  wall 
toned.  compact,  moist.  (ML). 


Construction  Details 


Concrete  to  ratface. 

Top  o if  centem/bcnloaite 
grout.  V  > 


4*  rVCmcr  > 


II 


Top  of  benromle  seal 
IV  > 


Tup  uC  KM 0  filter  peck. 
X)*  > 


Top  of  r  /xh  ss  o.oi<r 

dot  screen,  22'  > 


Ground  Water  Encountered  -  25.00 


Figure 
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7-4 


RAMAN 

CORPORATION 


Monitoring  Well  #:  T17QS1HW 


log  of  drilling  operations 


rage  lot 


Figure 


7-1  (cont.) 


7-5 


j-j  u: 


CORPORATION 


Air  Injection  Well  T17nS1VW 

LOG  OF  DRILLING  OPERATIONS  fig-bif 


PROJECT  _  _ lULLAFB.SriELl'aS - 

TOTAL  DETTH  23-00 _ START  DATE  - 11 

GEOLOGIST  ftniBrn.lr. _ APPROVED  BY  _ 

DRILLING  COMPANY  _rf!  Kiplnrallon - - 

drilling  method  HoltoaSifim  aiu>ct - 

DRILL  BIT  TYPE  AND  SIZE  _8.2.T-I.D. - - 

BORING  LOCATION  (ST.  ADDRESS  OK  DESCRIPTION) 


LOCATION 


DRILLER  _ 

equipment 


FINISH  DATE 


R.G.# 


Lithologic 

Description 


Construction  Details 


_ fz^QT,  Texture,  Kfowttirwc,  UfU’S  flm 

SAND  dtik  brown  (10  YR  3/31  fine  sprained,  well" 
sorted,  nbrounded,  damp,  (SW). 


Concrete  to  nirface. 

Top  of  cemeal/bcntoiuw 
grout,  r  > 


4"  PVC  riser  > 


Top  of  bentonite  teal, 

rdr  > 

Top  of  lCctt  filter  peek 
sand,  V  > 


muOcniUtjr  Kirlct^  tubiut 


brown~(iO  YR 5/8), floe  grained, 

nuiuOctl,  dsuiy,  (SM). 


Too  of  4*  pvc  o.oar 
*lot  icrccn,  101  > 


*V.ANnv’~ KTIJT  K^bt  bremu  (10  YR  5/6),  v^ry  t»»c 

grained,  (tiff,  damp,  (ML). 


\n  TV  <ANH  mnny.  hmw*  (10  YU  4/A),  finr.  gmim-it. 

moderate  tv  sorted,  subrounded,  moist,  (SM). 


Bottom  of  screen.  19 
Outturn  of  eaU  plug, 

2TV  > 

Backfilled  borehole  with 
10-20  Oiler  tsaei  and. 


FM-J1-3Q 


Figure 
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I.  L.f.-ll'  '4-4.4 f  j±4 'V4 j 


RADIAN 

CORPORATION 


Soil  Vapor  Proho  #:  T17QS2^ 

LOG  OF  DRILLING  OPERATIONS  Pa»tt 


PROJECT  _ HILL  AFB  S1XE.17D5 _ 

TOTAL  DETTTI  23.M  START  DATE  _ 

GEOLOGIST  Dill  Bender _ APPROVED  DY  _ 

DRILLING  COMPANY  Xs  Kiplm-Htiim _ 

DRILLING  METHOD  Hollow  Stem  Anger _ 

DRILL  BIT  TYPE  AND  SIZE  .  fLLTJ.n _ 

BORING  LOCATION  (ST.  ADDRESS  OR  DESCRIPTION) 


jBggfgggj 


,  111 


•5  5 


ll  II  »i  f.l 

h  "ill 


Lilhulugic 

Description 


Col oc.  Tpxnirp.  Mom  Ur*.  USCS  Okc 


iSSSiBIBPgi 


Construction  Details 


Concrete  to  turnce. 

Top  o (  c«ifi*ni/b«mofttts 
grout,  X'  > 


025*  LD.  tyjon  tubing. 


.8/10/ 

10—  i3/M 


-14/15/ 

20-  M/M 


Rlfct'JcCWtt 


t  brown  (10  YR  6/3),  very  fine 
erl,  moderately  sorted,  subanguUr,  loo ic,  damp, 


SANDY  SILT'  light  brown  (10  YR  5/3),  v«ry  linn 
pruned,  compact,  damp.  (ML). 


SAND  brown  (10  YR  6/4),  fine  framed,  wdl  toned, 
iLau^s  (3W). 


SAND  brown  (10  YR  6/4),  vury  fine  flamed,  well 
tutted.  tuLtdiiguLti ,  (SW). 


saiBii 


Tnp  nf  Krnromt*  Mai, 

K  > 


Ttap  of  10-20  filter  pack 
sand,  10*  > 

Tnpof  ¥apor  prnba,  11  A,  > 
l.y  slotted  rvc  probe. 

Dot  tom  of  coil  vapor  probe, 

131  > 


back  li  I  Jed  borehole  with 
10  30  filter  pork  cand  > 
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Soil  Vapor  Probe  #: 


CORPORATION 


LOG  OF  DRILLING  OPERATIONS 


Page  lof 


PROJECT  _ HILL  AFB  SITE, 1IHS, _ 

TOTAL  DEPTH  25.00  START  DATE  _ 11) 

GEOLOGIST  Bfll  Bander  APPROVED  BY  _ 

DRILLING  COMPANY  HI  Kyplnratinn _ 

DRILLING  METHOD  HnllnwMcm  Anger _ 

DRILL  BIT  TYPE  AND  SIZE  _  2U5LLU. 

BORING  LOCATION  (ST.  ADDRESS  OR  DESCRIPTION) 


IOCATION 


DRILLER  _ 

EQUIPMENT 


FINISH  DATE 


R.G.# 


_  d. : 


A  }1:2J5£ 

U  6i  »v 

t?  "5  35  Sii 


5iii 


10_1 4/11/ 
25/25 
.22/25/ 

. 23/JO 


f 

i 

T 

!A 


Lithologic 

Drcrriprinn 


Color,  Tcirtorc,  Moisture,  U6CS  Ctui 


brrywti  (lfl  YR 1/1),  fine  grained, 
moderately  sorted,  damp,  (SM). 


"sAlftT brown  dean gc  <10  YRSjOl  Roe  grained^  well 
%ui  led,  damp,  ($W). 


j  SILTY  SAND  orange  brown  (10  YR  6/6),  fine-  grained, 

I  moderately  sorted,  damp.  (SM). 

i 

\ _ 

|  SAXH  Hght  brown  (10  YR  6/d),  fin*  grained,  w«ii 

I  wrted,  rad  angular,  damp,  (SW). 


gniuca  (Wrap,  (ML). 


t  brown  (1C  YR  5/6),  very  tine 


r-'I 


sii.TYSANn  light  bn*m(10  YR  6/4),  0 m  grained, 
moderately  toned,  tub  rounded,  damp,  (SM). 


Construction  Detail* 


Cooertt*  to  tunic*. 

Top  of  oernca t /bentonite 
grout,  I*  > 


(12V  IT)  tyjnrt  hihing 


Top  of  bentonite  teal, 
id*  > 


Top  of  10-20  filter  met 
Mad,  IT  > 


Top  of  vapor  probe,  13.9*  > 

\S?  *  lotted  TVC  piot*  > 

Bottom  of  soil  vapor  probe, 
15.4'  > 


Back  (Hied  borehole  with. 
10-20  filler  pack  und  > 


s»a 

H 
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APPENDIX  A. 4 

SOIL  BORING  LOGS,  WELL  AND  VAPOR  PROBE 
COMPLETION  DETAILS 
SITE  40002 

(Engineering-Science,  Inc.,  1993) 


ENGINEERING-SCIENCE,  INC  -  BORING  LOG 

WELL  NUMBER:  SB-6  LOCATION:  UTTR 

DATE:  11/16/92 _ LOGGED  BY:  JFB 

■DRILLING  METHOD:  HSA  DRILLED  BY:  PC  Exploration  SEAL: 


1 A  ^  - -  ■  —  —  ■■ .  ■■■>■■  * 

[C  I  S  I  DEN  I  T  1ST  I  OV  I  PEP  SR  SPT  LITHOLOGY/REMARKS 

-  Fill  material 


_ Page  1  of  2 

WEATHER:  Cloudy  Cold _ 

SAMPLING  METHOD:  2-in  ID  Split-Spoon _ 

HOLE  DIAMETER:  10  1/4  TOTAL  DEPTH:  37  ft 


0.0  6—60 

7  - 

8  - 
9  - 


10- 

0.0 

11 

12 

13 

14 

15 

3.3 

16 

17 

1200 

18 

71 

19 

20 

Fill 

Uniform  1/8  gravel 
Original  clay 

Discolored  white  with  black  substance 

Strong  odor 

Moist 

Cohesive  (very) 


Light  sand 


ENGINEERING-SCIENCE,  INC  -  BORING  LOG 

Iran.  NUMBER:  SB-8  LOCATION:  UTTR 

ATE:  11/18/92  _ LOGGED  BY:  JFB 

on  T  TNG  METHOD:  HSA  DRILLED  BY:  PC  Exploration  SEAL: 


_ _ Page  1  of  3 

WEATHER:  Sunny  Mild _ 

SAMPLING  METHOD:  2-in  ID  Split-Spoon 
HOLE  DIAMETER:  10  1/4  TOTAL  DEPTH:  47.5 


LITHOLOGY/REMARKS 


Fine  silt  and  sand,  some  clay 
10  yr  7/3  pale  brown 
Semi  cohesive 
100%  recovery 


[ 


1  WELL  NUMBER:  SB-8 

LOCATION: 

UTTR 

WEATHER:  Sunny  Mild 

•DATE:  11/18/92 

LOGGED  BY: 

JFB 

SAMPLING  METHOD:  2-in  ID  Split-Spoon 

DRILLING  METHOD:  HSA  DRILLED  BY:  PC  Exploration  SEAL: 


HOLE  DIAMETER:  10  1/4  TOTAL  DEPTH:47.5  ft. 


1846 

21- 

22- 

23- 

24- 

25- 

26- 

27- 

28- 

29- 

30- 

1250 

31- 

32- 

33- 

34- 

35- 

0.0' 

36- 

37- 

38- 

39- 

40 

LITHOLOGY/REMARKS 


Fine  brown  sand,  some  silt  and  clay 
Dry  2.5  yr  5/4  light  olive  brown 
Cohesive 


Fine  brown  sand,  some  silt  and  clay 
Same  as  above 


ENGINEERING-SCIENCE,  INC  -  BORING  LOG 


L  NUMBER:  SB-8 


ATE:  11/18/92 


RILLING  METHOD:  HSA 


S  DEN  T  ST 


;E,  INC  -  BORING  LOG _  Page  3  of  3 

LOCATION:  UTTR _ WEATHER:  Sunny  Mild 


LOGGED  BY:  JFB  SAMPLING  METHOD:  2-in  ID  Split-Spoon 


DRILLED  BY:  PC  Exploration  SEAL:  HOLE  DIAMETER:  10  1/4  TOTAL  DEPTH:47.5  ft. 


OV  DEP  SR  SPT  LITHOLOGY/REMARKS 


UTTR 


JFB 


Fine  brown  sand,  some  silt  and  clay 
Same  as  above 


Fine  brown  sand,  some  silt  and  clay 
Same  as  above 


ENGINEERING-SCIENCE,  INC  -  boring  log 


WFT.T.  NUMBER:  SB-9 _ LOCATION:  UHK 

DATE:  11/18/92  LOGGED  BY:  JFB 


UTTR 

JFB 


DRILLING  METHOD:  HSA  DRILLED  BY:  PC  Exploration  SEAL: 
S  iDENl  T  1ST  |  OV  |DEP  |  SR  |  SPT  |  LIT 


231 


Page  1  of  3 


l _ WEATHER:  Sunny  Mild _ 

SAMPLING  METHOD:  2-in  ID  Split-Spoon 


iAL:  HOLE  DIAMETER:  101/4  TOTAL  DEPTH:  42  ft. 

LUHOLOGY/REMARKS 


Auger  cuttings 

Silt  and  sand,  some  clay 

Semi-cohesive 

2.54  8/2  white 


Silt  and  sand,  some  clay 

Dry  10  yr  7/6  yellow  to  10  yr  8/1  white 


ENGINEERING-SCIENCE,  INC  -  BORING  LOG 


L  NUMBER:  SB-9  LOCATION:  UTTR 


DATE:  11/18/92 _ LOGGED  BY:  JFB 

RILLING  METHOD:  HSA  DRILLED  BY:  PC  Exploration  SEAL: 


Page  2  of  3 


WEATHER:  Sunny  Mild 


SAMPLING  METHOD:  2-in  ID  Split-Spoon 
HOLE  DIAMETER:  10  1/4  TOTAL  DEPTH:  42  fL 


LITHOLOGY/REMARKS 


Very  fine  sand,  some  silt 
Dry  25  yr  7/4  pale  yellow 
Non-cohesive 

100%  recovery 


Very  fine  sand,  silt,  some  clay 
Dry  2.5  yr  5/4  light  olive  brown 
Semi-cohesive 

100%  recovery 


Very  fine  sand  and  silt 
Dry  10  yr  8/1  white 
Non-cohesive 


ENGINEERING-SCIENCE,  INC  -  BORING  LOG 


Page  3  of  3 


wft  T ,  NT  JMBER:  SB-9 _ LOCATION: _ Li  l'lK _ WEATHER:  Sunny  Mild 

LOGGED  BY:  JFB _ SAMPLING  METHOD:  2-in  ID  Split-Spoon 


nRTT  .T  TNG  METHOD:  HSA  DRILLED  BY:  PC  Exploration  SEAL:  HOLE  DIAMETER:  10  1/4  TOTAL  DEPTH:  42  fr. 

I  S  I  DEN  |  T  |ST  |  QV  |  PEP  |  SR  |SPT|  LITHOLOGY/REMARKS  ~ 


Very  fine  sand  and  silt 

-  Dry  10  yr  8/1  white 

41  —  -  Non-cohesive 


UTTR  Refueling  Station 

Air  Injection  Well 
Boring  SB08 


Note:  Not  to  scale 


UTTR  Refueling  Station 

Soil  Vapor  Monitors 
Boring  SB06  and  SB09 


1  Foot 


1  Foot 


Flush  mount 
protective  cap 

0  Feet 

Cement 


11  Feet 
Sand 


16  Feet  -  Sand 

17  Feet 

Cement 


Bentonite  Pellets 


27  Feet 


32  Feet 

Sand 


Bottom  of  Boring 
37  Feet 
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SECTION  1 


INTRODUCTION 


This  document  has  been  prepared  by  Engineering-Science,  Inc.  to  support  the 
bioventing  initiative  contract  awarded  by  the  Air  Force  Center  for  Environmental 
Excellence.  The  contract  involves  the  conducting  of  bioventing  pilot  tests  at  35  sites 
on  23  Air  Force  bases  across  the  United  States. 

At  most  sites,  bioventing  systems  will  be  installed  upon  completion  of  the  initial 
bioventing  pilot  tests  for  the  purpose  of  extended  pilot  testing.  These  systems  will 
operate  for  a  1-year  period  to  provide  further  information  as  to  the  feasibility  of  the 
technology  at  each  site,  and  to  provide  interim  remedial  action. 

This  Operations  and  Maintenance  Manual  has  been  created  for  sites  at  which 
regenerative  or  rotary-vane  blowers  have  been  installed  for  extended  pilot  testing. 
Basic  maintenance  of  these  systems  is  the  responsibility  of  the  Air  Force  facility. 
This  manual  is  to  be  used  by  facility  personnel  to  guide  and  assist  them  in  operating 
and  maintaining  the  blower  system.  Section  2  provides  a  summary  of  the  bioventing 
system  components  installed.  Section  3  of  this  document  describes  the  blower 
system.  Section  4  details  the  maintenance  requirements  and  provides  maintenance 
schedules.  Section  5  describes  the  system  monitoring  that  is  required  to  forecast 
system  maintenance  needs  and  to  provide  data  for  the  extended  pilot  test.  Blower 
performance  curves  and  relevant  service  information  for  regenerative  and  rotary- 
vane  blowers  are  provided  in  Appendices  A  and  B,  respectively,  and  data  collection 
sheets  are  provided  in  Appendix  C. 
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SECTION  2 


BLOWER  SYSTEM  CONFIGURATION  SUMMARY 

System  Type  (injection,  extraction) _ 

Blower  (regenerative,  rotary  vane) _ 

Blower  Model _ 

Motor  (Hp) _ _ 

Knock-Out  Chamber  (yes,  no) _ 

Sampling  Port  (yes,  no) _ 

Inlet  Temperature  Gauge  (range) _ 

Inlet  Pressure/Vacuum  Gauge  (range) _ 

Inlet  Filter  (part  no.) _ _ 

Outlet  Temperature  Gauge  (range) _ 

Outlet  Pressure/ Vacuum  Gauge  (range) _ 

Pressure/Vacuum  Relief  Valve  Set  @  (give  unit  of  measure) _ 
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SECTION  3 


BIOVENTING  SYSTEM  OPERATION 


3.1  PRINCIPLE  OF  OPERATION 

Bioventing  is  the  forced  injection  of  fresh  air,  or  withdrawal  of  soil  gas,  to 
enhance  the  supply  of  oxygen  for  in  situ  bioremediation.  Either  a  pressure  (air 
injection)  or  vacuum  (vapor  extraction)  blower  unit  is  used  to  inject  or  withdraw  air 
into  or  from  the  soil,  thereby  supplying  fresh  air  with  20.8  percent  oxygen  to  the 
contaminated  soils.  Once  oxygen  is  provided  to  the  subsurface,  existing  bacteria  will 
proceed  with  the  breakdown  of  fuel  residuals. 

.At _ a 

blower  system  has  been  installed.  - - 

3 2  SYSTEM  DESCRIPTION 

3.2.1  Blower  System 

A - blower  powered  by  a _ horsepower  direct-drive  motor  is 

the  workhorse  of  the  bioventing  system.  This  blower  is  rated  at  a  flow  rate  of 
standard  cubic  feet  per  minute  (scfm)  at  a  pressure  of  ;  however,  "the 

actual  performance  of  the  blower  will  vary  with  changing  site  conditions.  ’  As 

installed,  the  blower  was  producing  an  estimated  flow  rate  of _ scfm  at  a  pressure 

of _ •  Vapor  extraction  systems  may  include  an  inlet  knockout  chamber  for 

water  condensation.  All  systems  include  an  air  filter  to  remove  any  particulates 
which  are  entrained  in  the  air  stream,  and  several  valves  and  monitoring  gauges 
which  are  described  in  the  next  section.  A  schematic  of  the  blower  system  installed 

I*!  - — - . -  is  shown  on  Figure  3.1.  Corresponding 

blower  performance  curves,  and  relevant  service  information  are  provided  in 
Appendices  A  and  B. 

222  Monitoring  Gauges 

The  bioventing  system  is  equipped  with  vacuum  and  pressure  gauges, 
temperature  gauges,  and  a  sampling  port  (vapor  extraction  only).  Generally,  gauges 
have  been  installed  on  the  air  injection  system  at  the  following  locations:  a  vacuum 
gauge  in  the  inlet  piping  and  a  pressure  gauge  in  the  outlet  piping.  For  vapor 
extraction  systems  gauges  are  generally  installed  as  follows:  vacuum  gauges  in  the 
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inlet  piping  and  at  the  knock-out  chamber  (as  applicable),  and  a  pressure  gauge 
in  the  discharge  piping.  See  Figure  3.1  for  the  locations  of  the  gauges  installed  on 
the  blower  system  at  this  site. 

Temperature  gauges  may  be  located  at  the  inlet  and  outlet  of  the  blower  system. 
These  gauges  are  used  to  monitor  the  inlet  and  outlet  temperature  to  determine  the 
change  in  temperature  across  the  blower.  For  air  injection  systems,  ambient  air 
temperature  should  be  used  when  an  inlet  temperature  gauge  is  not  present.  For 
vapor  extraction  systems,  the  inlet  temperature  is  also  used  as  an  estimate  of  soil  gas 
temperatures  in  the  contaminated  soil  zone.  See  Figure  3.1  for  the  location(s)  of 
the  temperature  gauges  installed  on  the  blower  system  at  this  site. 

A  sample  port  is  located  in  the  discharge  piping  on  the  outlet  side  of  vapor 
extraction  systems  only.  This  sample  port  is  used  to  collect  offgas  that  is  analyzed 
for  carbon  dioxide/oxygen  and  volatile  organic  compound  concentrations.  See 
Figure  3.1  for  the  location  of  the  sampling  port  installed  on  the  blower  system  at  this 
site. 


A7-1-73 


3-3 


SECTION  4 


SYSTEM  MAINTENANCE 


Although  the  motor  and  blower  are  relatively  maintenance  free,  periodic  system 
maintenance  is  required  for  proper  operation  and  long  life.  Recommended 
maintenance  procedures  and  schedules  are  described  in  detail  in  the  instruction 
manuals  included  in  Appendices  A  and  B  and  briefly  summarized  in  this  section. 

Filter  inspection  and  knock-out  chamber  draining  (as  applicable)  must  be 
performed  with  the  system  turned  off.  To  re-start  the  motor,  open  the  manual  air 
dilution  valve  (red  handle)  to  protect  the  motor  from  excessive  strain,  start  motor, 
and  slowly  close  dilution  valve.  If  the  handle  has  been  removed  from  the  manual  air 
dilution  valve,  do  not  open  the  valve  or  otherwise  change  the  setting  (it  has  been 
pre-set  for  a  specific  flow  rate)  before  re-starting  the  blower. 

4.1  Blower/Motor 

The  blower  and  motor  are  relatively  maintenance  free  and  should  not  require 
any  periodic  maintenance  during  the  1-year  extended  testing  period.  Both  blower 
and  motor  have  sealed  bearings  and  do  not  require  lubrication. 

42  KNOCK-OUT  CHAMBER 

This  section  applies  only  to  vapor  extraction  systems  equipped  with  moisture 
knock-out  chamber.  To  avoid  damage  caused  by  passing  liquids  solids  through  the 
blower  a  knock-out  chamber  has  been  installed  in-line  before  the  blower. 

Free  liquid  should  not  be  pumped  through  the  blower.  The  knock-out  chamber 
installed  in-line  before  the  blower  intercepts  entrained  liquid,  preventing  damage  to 
the  blower.  The  knock-out  chamber  should  be  drained  into  an  appropriate 
container  once  a  month  for  the  first  few  months  and  at  less  frequent  intervals 
thereafter,  if  it  appears  that  this  will  be  sufficient  to  keep  liquid  from  building  up  in 
the  knock-out  chamber.  Condensation  generally  increases  during  the  cold  winter 
months.  A  facility  employee  should  determine  the  best  schedule  for  draining  the 
knock-out  chamber.  The  knock-out  chamber  can  be  drained  by  turning  the  system 
off  and  removing  the  cap  or  opening  the  valve  at  the  base  of  the  knock-out  chamber. 
When  all  of  the  liquid  has  drained  out,  the  system  can  be  turned  back  on.  It  is 
recommended  when  re-starting  the  system  that  the  air  dilution  valve  (red-handled 
valve)  be  opened  to  protect  the  motor  from  excessive  strain.  If  oily,  drained  liquids 
should  be  disposed  of  in  an  oil/water  separator. 
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43  AIR  FILTER 


To  avoid  damage  caused  by  passing  solids  through  the  blower,  an  air  filter  has 
been  installed  in-line  before  the  blower.  The  filter  element  is  paper  and  is 
accompanied  by  a  polyurethane  foam  prefilter.  The  filter  should  be  checked  weekly 
for  the  first  2  months  of  operation.  Again,  a  facility  employee  should  determine  the 
best  schedule  for  filter  replacement.  The  polyurethane  prefilters  can  be  washed 
with  lukewarm  water  and  a  mild  detergent.  Paper  filter  elements  should  never  be 
washed,  but  should  be  disposed  of  and  replaced  as  necessary.  When  the  pressure  or 
vacuum  drop  across  the  filter  is  above  15  inches  of  water,  a  dirty  filter  element 
should  be  suspected,  and  cleaning  or  replacement  should  be  performed. 

To  remove  the  filter,  loosen  the  three  clamps  or  the  wing  nut,  lift  the  metal  top 
off  the  air  filter,  and  lift  the  air  filter  from  the  metal  housing.  Remove  the 
polyurethane  prefilter  (if  applicable)  and  wash  before  replacing.  When  replacing 
the  filter,  be  careful  that  the  rubber  seals  remain  in  place. 

The  filter  element  is  manufactured  by  Solberg  Manufacturing,  Inc.  in  Itasca, 
Illinois.  Their  telephone  number  is  (708)  773-1363.  Additional  filters  can  also  be 
obtained  through  Engineering-Science,  Inc.  in  Denver,  Colorado.  The  ES  contacts 

are  Mr.  Brian  Blicker  and _ _  and  they  can  be  reached  at  (303) 

831-8100.  The  filter  model  number  is _ ,  and  the  number 

for  the  replacement  element  is  _ _ .  It  is  recommended  that 

_ keep  at  least  one  spare  air  filter  at  the  site,  four  spare 

filters  were  supplied  with  the  blower  system. 

4.4  MAINTENANCE  SCHEDULE 

The  following  maintenance  schedule  is  recommended  for  this  system.  During  the 
initial  months  of  operation  more  frequent  monitoring  is  recommended  to  ensure 
that  any  startup  problems  are  quickly  corrected.  A  daily  drive-by  inspection  is 
recommended  during  the  initial  2  weeks  of  operation  to  ensure  that  the  blower 
system  is  still  operating  with  no  unusual  sounds.  Data  collection  sheets  that  can  be 
used  to  record  maintenance  activities  are  included  in  Appendix  C. 


Maintenance  Item 


Maintenance  Frequency 


Filter  Check  once  per  month,  wash  or  replace  as 

necessary  (see  Section  4,3). 

Knock-out  chamber  Drain  once  per  month  initially,  then 

periodically  (see  Section  4.2). 

4.5  MAJOR  REPAIRS 

Blowers  systems  are  very  reliable  when  properly  maintained.  Occasionally,  a 
motor  or  blower  will  develop  a  serious  problem.  If  a  blower  system  fails  to  start, 
and  a  qualified  electrician  verifies  that  power  is  available  at  the  blower  or  starter, 
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the  Engineering-Science,  Inc.  site  manager _  should  be 

called  at  ( _ ) _ .  ES  is  responsible  for  major  repairs  during  the  first  year 

of  operation. 
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SECTION  5 


SYSTEM  MONITORING 


5.1  BLOWER  PERFORMANCE  MONITORING 

To  monitor  the  blower  performance,  vacuum,  pressure,  and  temperature  will  be 
measured.  These  data  should  be  recorded  weekly  on  a  data  collection  sheet 
(provided  in  Appendix  C).  All  measurements  should  be  taken  at  the  same  time 
while  the  system  is  running.  Because  the  system  is  loud,  hearing  protection  should 
be  worn  at  all  times. 

5.1.1  Vacuum/Pressure 

With  hearing  protection  in  place,  open  the  blower  enclosure  and  record  all 
vacuum  and  pressure  readings  directly  from  the  gauges  (in  inches  of  water  or  psi). 
Record  the  measurements  on  a  data  collection  sheet  (Appendix  C). 

5.1.2  Flow  Rate 


The  flow  rate  through  the  vent  well  and  soils  can  be  calculated  when  the  inlet 
vacuum  and  outlet  pressure  of  the  blower  are  known.  This  pressure  change  across 
the  blower  (vacuum  +  pressure)  can  be  compared  to  the  performance  curves  for  the 
blower  in  Appendix  A  or  Appendix  B  to  determine  the  approximate  flow  rate. 

5.1.3  Temperature 


With  hearing  protection  in  place,  open  the  blower  enclosure  and  record  the 
temperature  readings  directly  from  the  gauges  in  degrees  Fahrenheit  (°F).  Record 
the  measurements  on  a  data  collection  sheet  (provided  in  Appendix  C).  The 
temperature  change  can  be  converted  to  degrees  Celsius  (°C)  using  the  formula  °C= 
(  F  -  32)  X  5/9. 


S3  MONITORING  SCHEDULE 

The  following  monitoring  schedule  is  recommended  for  this  system.  During  the 
initial  months  of  operation,  more  frequent  monitoring  is  recommended  to  ensure 
that  any  start  up  problems  are  quickly  corrected.  Data  collection  sheets  have  been 
provided  to  assist  your  data  collection  and  are  included  in  Appendix  C 
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Monitoring  Item 


Monitoring  Frequency 


Vacuum /Pressure 
Temperature 


Daily  during  first  week,  then  once  per  week. 
Daily  during  first  week,  then  once  per  week. 
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Maintenance  Instructions  for  Gast 
Standard  Regenerative  Blowers 


I 

I 

I 

I 

1 

L 


For  original  equipment  manufacturers 
special  models,  consult  your  local  distributor 


Gast  Rebuilding  Centers 


Gast  Mfg.  Corp. 

2550  Meadowbrook  Rd. 
Benton  Harbor  Ml.  49022 
Ph:  614/926-6171 
Fax:  616/925-8283 


Gast  Mfg  Corp. 

505  Washington  Avenue 
Caristadt,  N.  J.  07072 
Ph:  201/933-8484 
Fax:  201/933-5545 


Brenner  Fiedler.  &  Assoc. 
13824  Bentley  Place 
Cerritos,  CA.  90701 
Ph:  213/404-2721 
Fax:  213/404-7975 


Walnbee,  Limited 

215  Brunswick  Drive 

Polnte  Claire,  P.Q.  Canada  H9R  4R7 

Ph:  514/697-8810 

Fax:  514/697-3070 


Gast  Mfg.  Co.  Limited. 

Halifax  Rd,  Cressex  Estate 
High  Wycombe,  Bucks  HP12  3$N 
Ph.  44494  523571 
Fax:  44  494436588 


Walnbee,  limited 
121  City  View  Drive 
Toronto.  Ont.  Canada  M9W  5A9 
Ph:  416/243-1900 
Fax:  416/243-2336 

Japan  Machinery  Co.  Ltd. 
Central  PO  Box  1451 
Tokyo  100-91  Japan 
Ph:  813/3573-5421 

Fax:  813/3571-7865 


For  Soil  Remediation 


to  260  elm 


R4,  R5,  R6P  Series 


Mim 


MmSmh 


Product  Dimensions  Metric 
Model  A  B  C  D  E  F 

R41 10N-50  157  43  360  95  72  316 

_ 6.18  1.66  14.16  3.75  2.85  12.44 

R4310P-50  157  43  360  95  72  316 

6.18  1.68  14.17  3.75  2.84  12.44 


Metric  (mm)  U.S.  Imperial  (Inches) 
EFGH1JKLMN0 

72  316  313  50  101  225  227  254  233  175  11 

2.85  12.44  12.31  1.98  3.96  8.86  8.93  10.00  11.73  6.88  .44 

72  316  313  50  101  225  227  254  293  175  11 

2.84  12.44  12.31  1.98  3.96  8.86  8.93  10.00  11.73  6.88  .44 


R5325R-50  178 

46 

423 

114 

91 

361 

344 

60 

121 

260 

262 

298 

350 

183 

15 

7.00 

1.82 

16.66 

4.50 

3.58 

14.22 

13.56 

2.38 

4.75 

10.25 

10.31 

11.75 

13.78 

7.19 

.59 

R6P355R-50  248 

80 

482 

140 

137 

438 

428 

64 

127 

- 

290 

325 

463 

257 

13 

9.77 

3.15 

18.98 

5.51 

5.39 

17.25 

16.87 

2.50 

5.00 

- 

11.42 

12.80 

18.21 

10.12 

.50 

MODEL  R4  SERIES 

48*  H,0  MAX  VAC,  88  CFM  OPEN  FLOW 


MODEL  R5  SERIES 

60*  H,0  MAX  VAC,  145  CFM  OPEN  FLOW 


MODEL  R6P  SERIES 

90*  H,0  MAX  VAC,  260  CFM  OPEN  FLOW 

PRODUCT  FEATURES _ 

•  Explosion-proof  motors  UL  (dass  1 ,  group  D; 

class  2,  groups  F  &  G) 

•Sealed  air  stream 

•  Rugged  construction 

•  Low  maintenance 

RECOMMENDED  ACCESSORIES 


•  Inlet  fitter  AJ1 51 G 

(Reducing  filter  plumbing  from  2 'hm  to  1  Vi*  la  needed  to 
accommodate  filter  on  R4  and  R5  models.) 

•Relief  valve  AG258 

•  Vacuum  gauge  AH134 


II/iiM'HliNi 


#6  Muffler  Box 


Ip?  j 


Part  Name 


#4  Square  K© 


#5  Shim  Spacer  (s> 


#6  Retalnlna  Rin 


AH212 


AE688-3 


AJ145 


AJ103BQ 


IE5B3B 


fl: 


R6  R6P  R6PP/R6PS  R7 


AJ101B  I AJ101C  IAJ101D  I  AJ101EQ  IAJ1G1F  IAJ101K  I  <2>AJ101KAI  AJ1Q1G 


AB136A 


AJ103C 


AB136D 


AJIQ9 


AJ149 


AJ103DR 


ABI36 


AJ109 


AB136 


AJ116A 


jBEBEEHli 


#10A  Foam 


#10B  Foa 


#1 1  Muffler  Extension/ 


!•)(*]  ■d[*K, 


4)AJ112A!  (4)AJ1 12B  l(4)AJ112C 


AJ113DR 


4)AJ112DS 


111  II  PHI  I 


AJ103E 


AJ104E 


AJ113DQ 


4)AJ1 12ER 


AB136 


AJ116A 


AJ103K 


AJ103F 


AJ104F 


AJI13FQ 


6)AJ1 12FI  <8)AJ1 12 


AB136 


AJ116A 


AJ103KD 


AJ113FQ 


AC628 


AJ110 


AJ103GA 


AJ113G 


8)AJ1 12GA 


R4310A-2 


m  mm 


208-230/460  220/380-415 

IT" . 


208-230/460  220/380-415 


K6P335A  J910X  208-230/460  220/380-415 

R6P355A  . J1110A  208-230/460  220/380-415 

R6PP/R6PS31 10M  JD1100  208-230/460  220/380-415 


All  performance  figures  relate  to  stock  models.  A  few  high 
pressure  units  may  be  available.  Consult  your  local  distributor 


Regenair 

PRESSURE 

Maximum 

Model 

Pressure 

Number 

0"H2O 

20"H2O  40“H2O  60"H2O 

80*H2O  100*H2O  "^O* 

.  ..  ,.v.. .s  v,.  .  C  ‘  *  %  -  \ - A- A  ...  -J.  vwt. 


R3  05-1 


R6350A-2 


wm 


R6P350A*  |g-  '^•^230 

^JVSSkvH^>§s^$§3w 


Regenair 

Model 

Number  0’H2O 


-.w.w V/W.-W yw  ^■.- 


258  252  244  236  226 


VACUUM  Maximum 

Vacuum 

2CTH20  40*H2O  60“H2O  80‘H2O  “HjO* 


R3105-12 


R6335A-2 


Thi*  number  Indicate*  the  maximum  static  pressure  differential  recommended  (with  cooling  air  still 
flowing  through  unit).  In  general,  units  Ihp  or  less  can  be  dead  headed.  Check  with  local  representative 
or  distributor  to  verify  which  models  apply. 

Operation  of  the  blower  above  the  recommended  maximum  duty  will  cause  premature  failure  due  to 
the  buBd  up  of  heat  damaging  the  components. 

Performance  data  was  determined  under  the  following  conditions: 

1)  Unit  In  a  temperature  stable  condition. 

2)  Test  conditions:  Inlet  air  density  at  0.079bs.  per  cubic  foot.  C20°C{68°F).  29.92  In.  Hg{14.7P$IA}). 

3)  Normal  performance- variations  on  the  resistance  curve  within  +/-  10%  of  supplied  data  can  be 
expected. 

4)  Specifications  subject  to  change  without  notice. 

5)  All  performance  at  60Hz  operation. 


INSTALLATION 
AND  OPERATING 
INSTRUCTIONS 
FOR  GAST 
HAZARDOUS 
DUTY  REGENAIR 
BLOWERS 


^his^inshuctionlapplies^ta^he'fbliowihgf 
3tmodels£ONLYi;@R3105N-50,tR4M0N-50}i 
4R4310P-50; SR4PI 15N-50,  ?R5125Q-50* 
-!R5325R-50,sR6130Q-50,t'R6P155Q-503; 
SR6350R-50,R6P355R-50and  R7100R-503SI 


4= - - - - - - - - - - 

Oast  Authorized  Service  Facilities  are  Located  In  the  locations  listed  below 


Cast  Manufacturing  Corporation 
505  Washington  Avenue 
Cartstodt,  N.  J.  07072 
Ph:  201/933-5454 
Fax:  201/933-5545 


Cast  Manufacturing  Corporation 
2550  Meadowtxook  Road 
Benton  Harbor,  Ml.  49022 
Ph:  516/926-5171 
Fax:  616/925-5265 


Brenner  Fiedler  &  Associates 
13624  Bentley  Place 
Cerritos,  CA.  90701 
Ph:  213/404-2721 
Ph:  800/643-5556 
Fax:  213/404-7975 


Walnbee  limited 
215  Brunswick  Btvd. 
PoJnfe  CJalre,  Quebec 
Canada  H9R  4R7 
Ph:  514/697-5610 
Fax:  514/-697-3070 


Walnbee  limited 
5789  Coopers  Ave. 
Mississauga,  Ontario 
Canada  L42  3S6 
Ph:  416/243-1900 
Fax:  416/243-2336 


Japan  Machinery 
Central  PO  Box  1451 
Toyko  100-91,  Japan 
Ph:  613  3573-5421 
Fax:  613  3571-7896 


Cast  Manufacturing  Co.  ltd. 
Halifax  Road,  Cressex  Estate 
High  Wycombe,  Bucks  HP12  3SN 
England 

Ph:  44  494  523571 
Fax:  44494436566 


A  Safety 

Z*A  ^na(,^e  S<ds^  Q*er^  symbo,‘  '^ien  y°u  500  this  symbol,  personal  Injury  is  possible.  The  degree  of  injury  is  shown  by  the  following 

Zi  DANGER:  Severe  injury  or  death  will  occur  if  hazard  is  ignored. 

L  A  WARNING:  Severe  injury  or  death  can  occur  if  hazard  is  Ignored. 

ZL.  CAUTION:  Minor  injury  or  property  damage  can  occur  of  hazard  is  ignored. 

Review  the  following  Information  carefully  before  operating. 
a  General  Information 

ZI\  DANGER:  Do  not  pump  flammable  or  explosive  gases  or  operate  In  an  atmosphere  containing  them.  Ambient  temperature 
for  normal  operation  should  not  exceed  40  degrees  C  (105  degrees  F>.  For  higher  ambient  operation,  consult  the  factory 
Blower  performance  Is  reduced  by  the  lower  atmospheric  pressure  of  high  altitudes.  If  it  applies  to  this  unit,  consult  a  Gast 
distributor  or  the  factory  for  details. 

a  Installation 

ZI\  WARNING:  Electric  Shock  can  result  from  bad  wiring.  Wiring  must  conform  to  all  required  safety  codes  and  be  installed  bv  a 
qualified  person. 

Grounding  Is  required. 

The  Gast  Regenair  blower  can  be  installed  in  any  position.  The  flow  of  cooling  air  over  the  blower  and  motor  must  not  be 
blocked. 

PLUMBING  -  The  threaded  pipe  ports  are  designed  as  connection  ports  only  and  will  not  support  the  plumbing.  Be  sure  to  use 
the  same  or  larger  size  p'pe  and  fittings  to  prevent  air  flow  restriction  and  over-heating  of  the  blower.  When  installing  plumbing 
be  sure  to  use  a  small  amount  of  pipe  thread  lubricant.  This  protects  the  threads  in  the  aluminum  blower  housing.  Dirt  and  chins ' 
often  found  In  new  plumbing,  should  not  be  allowed  to  enter  the  blower.  * 

NOISE  -  To  reduce  noise  and  vibration,  the  unit  should  be  mounted  on  a  solid  surface  that  will  not  increase  sound.  The  use  of 
shock  mounts  or  vibration  isolation  material  is  recommended.  If  needed,  inlet  or  discharge  noise  can  be  reduced  bv  attaching 
muffler  assemblies  (see  accessories).  ^ 

ROTATION  -  The  Gast  Regenair  blower  should  only  rotate  clockwise  as  viewed  from  the  electric  motor  side.  This  is  marked  with 
an  arrow  In  the  casting.  Proper  rotation  can  be  confirmed  by  checking  air  flow  at  the  IN  and  OUT  ports.  On  blowers  powered 
by  a  three  phase  motor,  rotation  is  reversed  by  changing  any  two  of  the  ttvee  power  wires. 
a  Operation 

®2ld  ?r.r,quid  rnatefial  exitin9 ,he  blower  or  piping  can  cause  eye  damage  or  skin  cuts.  Keep  away  from  air  stream 
ZiA  CAUTION:  Attach  blower  to  solid  surface  before  starting.  Prevent  injury  or  damage  from  unit  movement. 

Air  containing  solid  particles  or  liquid  must  pass  through  a  filter  before  entering  the  blower  (see  accessories  list  for  fitter 
suggestions).  Blowers  must  have  mufflers,  filters,  other  accessories  and  all  piping  attached  before  starting.  Any  foreian  material 

A  passing  through  the  blower  may  cause  internal  damage.  r  y 

CAUTION:  Outlet  piping  can  bum  skin.  Guard  or  limit  access. 

Mark  ‘CAUTION  Hot  surface.  Can  cause  burns.” 

to!  P0^’09  through  the  blower.  When  run  at  duties  above  50  in.  H2O.  metal  pipe  may  be  required 

The  blower  must  not  be  operated  above  the  limits  for  continuous  duty.  ’Standard*  R 1 .  R2.  R3  and  R4  can  operate  continuously 
with  not  air  flowing  through  the  blower.  Other  units  can  only  be  run  at  the  rating  shown  on  the  model  number  label  Do  not 
J2£L(for  vacuum)  ©xhaust  (for  pressure)  to  reduce  extra  air  flow.  Ths  could  cause  added  heat  and  motor  load 
ACCESSORIES  -  Gast  pressure  gauges  AJ496  or  AE133  and  vacuum  gauges  AJ497  or  AE134  show  blower  duty.  The  Gast 
pressure/vacuum  relief  vatve,  AG258,  will  limit  the  operating  duty  by  admitting  or  relieving  air.  tf  also  allows  full  flow  throuah 
the  blower  when  the  relief  valve  closes.  w 

a  Servicing 

ZlA  WARNING:  Disconnect  electric  power  before  servicing.  Be  sure  rotating  parts  have  stopped.  Electric  shock  or  severe  cuts  can 
result.  Inlet  and  exhaust  filters  need  occasional  cleaning  or  replacement  of  the  elements.  Failure  to  do  so  will  result  in  more 
pressure  drop,  reduced  air  flow  and  hotter  operation.  The  outside  of  the  un9  requires  cleaning  of  dust  and  dirt.  The  inside  of 
the  blower  also  may  need  cleaning  to  remove  material  coating  the  impeller  and  housing.  If  not  done,  the  buildup  can  cause 
vibration,  hotter  operation  and  reduced  flow.  None  absorbing  foam  in  the  mufflers  may  need  replacement. 

KEEP  THIS  INFORMATION  WITH  THE  BLOWER.  REFER  TO  IT  FOR  SAFE  INSTALLATION,  OPERATION  OR  SERVICE. 


Symptom . 

•  H  •  '•  -  ; 

MiAbnormaljpundf? 


^Increase  tri  sound 


j!  Blown  fuses 


|Uj|^{y|ho|| 


TROUBLESHOOfiNG  {f!H 

li:llllis:;P?frrmi||er  damaged  byj||| 
-A  foreljpi  material  c-  - 
81  |  H  Impeller  contaminated  by' 
P  foreign  material' 
jlliill  §p!  Motor  beating  failed 
m  !|  '  Impeller  rubbing  against '  ' 
,v  cover  or  housing'^  H 

.  v:  jj  ...  Foretgnmalerial  can  coat 
1§I1 1  or  destroy  muffler  foam.  •  'j 

1111111^:  Electrical  wiring  problem | t 


8RUhrilno^atefelOit>li^c« 


Possible  Remedy 

Replace  Impelter  |  § 
|Cj^n!||^ltlei|:lnslai| 
:|adequate||frattoni^p 

iReplace:  begtfngsim 
••Repair  Btdwer/check"?:; 
clearances,  :  - 
s  Replace  foam  mufflers 
IMemwi^frpplIfllfef 
If^lgrimdtertafcill^K 
Have  qualified  person  s 
•check  fuse  capacity 

and  wiring. _ 

{.InstcS  a  relief  valve 


OPERATING  AND  MAINTENANCE  INSTRUCTIONS 


I  SAFETY 

This  is  the  safety  alert  symbol.  When  you  see  this  symbol 
personal  injury  is  possible.  The  degree  of  injury  is  shown 
by  the  following  signal  words: 

DANGER  Severe  injuiy  or  death  will  occur  if  hazard  is 
|  ignored. 

WARNING  Severe  injuiy  or  death  can  occur  if  hazard  is 
■  ignored. 

CAUTION  Minor  injuiy  or  property  damage  can  occur  if 
hazard  is  ignored. 

I  Review  the  following  information  carefully  before  oper¬ 
ating. 

I  GENERAL  INFORMATION 

This  instruction  applies  to  the  following  models  ONLY: 
R3105N-50,  R4110N-50,  R4310P-50,  R4P115N-50, 

IR5125Q-50,  R5325R-50,  R613.0Q-50,  R6P155Q-50, 
R6350R-50,  R6P355R-50  andR7100R-50.  These  blowers 
are  intended  for  use  in  Soil  Vapor  Extraction  Systems. 

I  The  blowers  are  sealed  at  the  factory  for  very  low  leakage. 
They  are  powered  with  a  U.L.  listed  electric  motor  Cla«w 
1  Div.  1  Group  D  motors  for  Hazardous  Duty  locations. 
Ambient  temperature  for  normal  full  load  operation 

I  should  not  exceed  40°  C  (105°  F).  For  higher  ambient 
operation,  contact  the  factory. 

IGast  Manufacturing  Corporation  may  offer  general  ap¬ 
plication  guidance:  however,  suitability  of  the  particular 
blower  and/ or  accessories  is  ultimately  the  responsibil- 
ity  of  the  user,  not  the  manufacturer  of  the  blower. 

1  INSTALLATION 

1 .  DANGER  Models  R5325R-50,  R6130Q-50,  R6350R-50, 

IRS125Q-50,  R6P155Q-50,  R6P35SR-50  AND  R7100R-50 
use  Pilot  Duty  Thermal  Overload  Protection.  Connect¬ 
ing  this  protection  to  the  proper  control  circuitry  is 

I  mandated  by  UL674  and NEC501.  Failure  to  do  so  could/ 
may  result  in  a  EXPLOSION.  See  pages  3  and  4  for 
recommended  wiring  schematic  for  these  models. 

I  WARNING  Electric  shock  can  result  from  bad  wiring.  A 
qualified  person  must  install  all  unring,  conforming  to 
all  required  safety  codes.  Grounding  is  necessary. 

|  WARNING  This  blower  is  intended  for  use  on  soil  vapor 
extraction  equipment.  Any  other  use  must  be  approved  in 

Ixvriting  by  Gast Manufacturing.  Corp.  Install  this  blower 
in  any  mounting  position.  Do  not  block  the  flow  of 
cooling  air  over  the  blower  and  motor. 

■  PLUMBING  -  Use  the  threaded  pipe  ports  forconnection 
only.  They  will  not  support  the  plumbing.  Be  sure  to  use 
the  same  or  larger  size  pipe  to  prevent  air  flow  restriction 
and  overheating  of  the  blower.  When  installing  fittings, 

I  be  sure  to  use  pipe  thread  sealant  This  protects  the 
threads  in  the  blower  housing  and  prevents  leakage.  Dirt 
and  chips  are  often  found  in  new  plumbing.  Do  not  allow 
■  them  to  enter  the  blower. 


NOISE  -  Mount  the  unit  on  a  solid  surface  that  will  not 
increase  the  sound.  This  will  reduce  noise  and  vibration. 
We  suggest  the  use  of  shock  mountsor  vibration  isolation 
material  for  mounting. 

ROTATION  -  The  Gast  Regenair  Blower  should  only 
rotate  clockwise  as  viewed  from  the  electric  motor  side. 
The  casting  has  an  arrow  showing  the  correct  direction. 
Confirm  the  proper  rotation  by  checking  air  flow  at  the  IN 
and  OUT  ports.  If  needed  reverse  rotation  of  three  phase 
motors  by  changing  the  position  of  any  two  of  the  power 
line  wires. 

*  OPERATION 

WARNING  Solid  or  liquid  material  exiting  the  blower 
or  piping  can  cause  eye  damage  or  skin  cuts.  Keep  away 
from  air  stream. 

A  WARNING  -  Gast  Manufacturing  Corporation  will  not 
knowingly  specify,  design  or  build  any  blower  for  instal¬ 
lation  in  a  hazardous,  combustible  or  explosive  location 
xoithout  a  motor  conforming  to  the  proper  NEMA  or  U.L. 
standards.  Blowers  with  standard  TEFC  motors  should 
never  be  utilized  for  soil  vapor  extraction  applications  or 
where  local  state  and/ or  Federal  codes  specify  the  use  of 
explosion-proof  motors  (as  defined  by  the  National  Elec¬ 
tric  Code,  Articles  100,500  cl 990). 

CAUTION  Attack  blower  to  solid  surf  ace  before  start¬ 
ing  to  prevent  injury  or  damage  from  unit  movement.  Air 
containing  solid  particles  or  liquid  must  pass  through  a 
filter  before  entering  the  blower.  Blowers  must  have  -  - 
filters,  other  accessories  and  all  piping  attached  before 
starting.  Any  foreign  material  passing  through  the  blower 
may  cause  internal  damage  to  the  blower. 

A  CAUTION  Outlet  piping  can  bum  skin.  Guard  or  limit 
access.  Marie  * CAUTION  Hot  Surf  ace.  Can  CauseBums”. 
Air  temperature  increases  when  passing  through  the 
blower.  When  run  atduties  above  50in.H2O  metal  pipe 
may  be  required  for  hot  exhaust  air.  The  blower  must  not 
be  operated  above  the  limits  for  continuous  duty.  Only 
models  R3105N-50,  R4110N-50  and  R4310P-50  can  be 
operated  continuously  with  no  air  flowing  through  the 
blower.  Other  units  can  only  be  run  at  the  rating  shown 
on  the  model  number  label.  Do  not  Close  off  inlet  (for 
vacuum)  to  reduce  extra  air  flow.  This  will  cause  added 
heat  and  motor  load.  Blower  exhaust  air  in  excess  of 
230°F  indicates  operation  in  excess  of  rating  which  can 
cause  the  blower  to  fail. 

ACCESSORIES  ...Gastpressure  gauge  AJ496and  vacuum 
gauges  AJ497  or  AE1S4  show  blower  duty.  The  Gast 
pressure/ vacuum  relief  valve,  AG258,  will  limit  the  oj> 
erating  duty  by  admitting  or  relieving  air.  It  also  allows 
full  flow  through  the  blower  when  the  relief  valve  closes. 


SERVICING 

WARNING  To  retain  their  sealed  construction  they 
should  be  serviced  by  Gast  authorized  service  centers 
ONLY.  These  models  are  sealed  at  the  factory  for  very 
low  leakage. 

WARNING  Turn  off  electric  power  before  removing 
blower from  service.  Be  sure  rotatingparts  have  stopped. 
Electric  shock  or  severe  aits  can  result  Inlet  and  exhaust 
filters  attached  to  the  blower  may  need  cleaning  or  re¬ 
placement  of  the  elements.  Failure  to  do  so  will  result  in 
more  pressure  drop,  reduced  air  flow  and  hotter  opera¬ 


tion  of  the  blower.  The  outside  of  the  unit  requires  dean- 
frg  of  dust  and  dirt.  The  inside  of  the  blower  algn  may 
need  deaning  to  remove  foreign  material  coating  the 
impeller  and  housing.  This  should  be  done  at  a  Gast 
Authorized  Service  Center.  This  buildup  can  cause  vibra¬ 
tion,  failure  of  the  motor  to  operate  or  reduced  flow. 

KEEP  THIS  INFORMATION  WITH  THIS  BLOWER. 
REFER  TO  IT  FOR  SAFE  INSTALLATION, 
OPERATION  OR  SERVICE. 


MOTOR  WIRING  DIAGRAM  FOR  R4110N-50  &  R3105N-50 
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MOTORS  WIRING  DIAGRAM  FOR  R4310P-50 
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MOTORS  WIRING  DIAGRAM  FOR 
R5325R-50.  R6350R-50.  R6P355R-50.  &  R7100R-50 
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MOTOR  WIRING  DIAGRAM  FOR  R5125Q-50  &  R4P115N-50 
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•  R5125Q-50  BLOWERS  PROOUCED  AFTER  SEPTEMBER  1992  (SER.  NO  0992) 
_  DO  NOT  HAVE  MOTOR  LEADS  5  tZ. 


MOTOR  WIRING  DIAGRAM  FOR  R6130Q-50  &  R6P155Q-50 


CONNECT  THERMOSTAT 
TO  MOTOR  PROTECTION 
CIRCUIT 


thermostat 

thermostat 


CONNECTION  FOR  THERMOSTAT  MOTOR  PROTECTION 


TERMOSTATS  TO  BE  CONNECTED  IN  SERIES  WITH 
CONTROL  AS  SHOWN.  MOTOR  FURNISHED  WITH 
AUTOMATIC  THERMOSTATS  RATED  A £.  115-600V.  720VA 
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REGENAIR®  R4  Series 


MODEL  R4110-2 

52"  H,0  MAX.  PRESSURE,  92  CFM  OPEN  FLOW 


PRODUCT  FEATURES 

•  Oilless  operation 

•  TEFC  motor  mounted 

•  Can  be  mounted  in  any  plane 

•  Rugged  construction /low  maintenance 

•  Can  be  operated  blanked-off 


COMMON  MOTOR  OPTIONS 


•  1 15/208-230V.  60  Hz;  1 10/220-240V,  50  Hz,  single  phase 

•  208-230/460V,  60  Hz;  190-230/380-41 5V,  50  Hz,  three  phase 

•  575V,  60  Hz,  three  phase 


RECOMMENDED  ACCESSORIES 


Product  Specifications 

|  Model  Number  Motor  Specs 

74110-2  -  110/220-240-50-1 

_ 115/208-230-60-1 

D/to-tnA  n  190-220/380-415-50-3 

°*'2  '  £08-230/460-60-3 


■BUB 


74 

126 

92 

156 

74 

126 

92 

156 

Product  Performance  (Metric  U.S.  Imperial)  Black  line  on  curve  Is  lor  60  cycle  performance. 

Bio*  Une  on  curve  is  for  50  cycle  performance. 
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REGENAIR .  R5  Series 
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MODEL  R5325A-2 

65"  H,0  MAX.  PRESSURE,  160  CFM  OPEN  FLOW 


PRODUCT  FEATURES 

•  Oilless  operation 

•  TEFC  motor  mounted 

•  Can  be  mounted  in  any  plane 

•  Rugged  construction/low  maintenance 


COMMON  MOTOR  OPTIONS 


50  Hz,  three  phase 


RECOMMENDED  ACCESSORIES 


•Pressure  gauge  AE133 

•  Filter  AG338 
•Muffler  AJ1 210 

•  Relief  valve  AG258 


discretion  ^Sfg"’^3'6  “S8d  °n  model  at  ,he 


Important  Notice: 

Product  Dimensions  Metric  (mm)  U.&  Imperial  (inches)  J2J-  *«  di^ensional  data  is  subject  to  change  without 


R5125-2  15.20  386 


•CAPACITOR 
(SINGLE  PHASE  ONLY) 


9of-3.56-i--4.50-J  114 
3611422_ 


15 

.59  (TYP.  4) 


V/i  PIPE  (2) 


•FULL  RADIUS  (TYP) 
VIEWA-A 

MOUNTING  HOLE  DETAIL 


Product  Specifications 


Model  Number 


R5325A-2 

R5125-2 


Motor  Specs 

Full  Load  Amps 

HP 

RPM 

190-220/380-415-50-3 

6.6-6J/3.3-3.5 

1.35 

2850 

208-230/460-3 

6.9/3.45 

2.5 

3450 

115/208-230-60-1 

22.4/12.4-11.2 

2.5 

3450 

Max  Pressure 
"HjO  I  mbar 


mm 


133 

226 

160 

272 

160 

272 

Product  Performance  (Metric  U.&  Imperial)  Blackjine  on  curve  is  for  60  cycle  performance. 

Blue  line  on  curve  is  for  50  cycle  performance. 
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Recommended  maximum  duty. 
-  -  -  Intermittent  duty  only. 


Model  Number  Hz 


50 

R41 10N-50 


R431 0P-50 


R5325R-50 


R6P355R-50 


.  Motor  Specs 


110/220-240-50-1 

115/208-230-60-1 


220/380-50-3* 

208-230/460-60-3* 


115/230-60-1* 


1 90-220/380-4 15-50-3* 
208-230/460-60-3* 


1 90-220/380-415-50-3* 
208-230/460-60-3* 


RPM 

Max  Vac 
"H,0  |  mbar 

■ 

2850 

35 

924 

72 

3450 

48 

895 

88 

2850 

35 

924 

72 

3450 

48 

895 

88 

3450 

60 

865 

145 

2850 

47 

897 

120 

3450 

60 

865 

145 

2850 

70 

840 

235 

3450 

90 

790 

260 

Net  Wt. 
lbs.  I  kg 


60  28 


58  27 


77  35 


75  34 


247  112 


‘Motors  do  not  have  thermal  protection  with  automatic  reset. 

Product  Performance  (Metric  U.S.  Imperial) 


